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Belly-deep in 
abrasives! 


But it can't touch her track wheel bearings 


Whatever the Oliver OC-12 is bulling through... C/R End Face Seals are performing hundreds of 
liquid ooze, dirt, or gale-blown desert sand... noth- other critical sealing jobs saving equipment, time 
int can get into the track wheel bearings. Oliver and money. No matter what is involved high 
engineers saw to that. They specified C/R Type VS speed, temperature, pressure in everything from 
End Face Seals with metal-to-metal contact to pro- rockets and missiles to pumps, tools and washing 
tect those bearings. The metal faces in these seals machines ... there’s a C/R End Face Seal for the 
are lapped to within 3 lightbands of being optically job. If it’s your job to solve a difficult lubricant 
flat. Nothing can get in... and the fluid lubricant retention problem ... share it with us. Write for 
inside can’t get out .. . no matter how rugged the detailed information on C/R End Face Seals. 
duty. Oil seal dependability like this means fewer 

lube checks, fewer lube changes... less downtime 


And that means big savings for Oliver users. 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


SEAL DIVISION: 1237 ELSTON AVENUE ¢ CHICAGO 22, ILLINOIS 
flies r b \ 
In Canada 
Export Sales 
C/R Products: c/R Shaft and End Face Seals ¢ Sirvene (synthetic ru 


parts e¢ Sirvis-Conpor mechanical leather cu; packings, boots « ¢ 
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FEATURED: 


TO SEPARATE STRESSES: THE FLEXAGAGE .. . Dr F Zandman 


It has several advantages over back-to-back strain gages. 


LOCKNUTS THAT RESIST VIBRATION ... K R Bronson and C C Faroni 
New test method rates performance of various types 


BETTER WAY TO PLACE SLIDERULE DECIMAL POINT .. . H S Pardee 


“Supes” and “subs” save time, eliminate serious errors 


DESIGN NOMOGRAPHS THE EASIER WAY .. . C R Glanville 
Step-by-step guide to method giving an automatic solution 


HANDLES FOR PRINTED CIRCUITS .. .! N Schuster, Raytheon Co 
Seven simple designs for making maintenance easier 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Aluminum wool improves molded plastics 
New oxide ready for evaluation 
Supercooled titanium shows superstrength 
Who threw fallout into precious metals? 


Thermal time-delay developed in Australia 

Fused salts as heat-transfer media 

Photoelectric temperature control monitors moving parts 
Low-cost flow switch detects rate variations of fluids 


Organic batteries being developed 
More progress with plastic semiconductors , 
Resistor responds to gas molecules with dipole moment. 


Die-cast engine lightens this compact car. 
Worm gear makes this timer precise 
“Fifth wheel” does the work for loaded voltae 


New bonding techniques for zirconium and aluminum 
Cerium makes brass “super-plastic”. . . 


French machine tools use plugboards, tracers 


Engineering case history: Discoverer | to XV 
USSR to defrost Frozen North 
Fight explosions with explosions. 
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Needle’s eye reveals relative size of the thermistor, 
a tiny bead of Nickel oxide and other materials, used 


to measure temperatures in and beyond the earth’s 


“Space thermometer’’ 


Meet the bead thermistor, member of 
a family of electronic devices now going 
into everything from midget radios t 
giant computers and missiles. 

This particular thermistor measures 
temperatures in space temperatures 
ranging from 572°F all the way down 
to 76° below zero Fahrenheit. 
the 


Although it’s only a 


You can hardly see bead with 


naked 


hundredth of an inch in diameter, and 


your eye. 
the lead wires are a mere thousandth of 
thick, the 
stable 


an inch thermistor is an ex 


rugged 
within a fraction of 


Fahrenheit 


tremely ind device, ac 
curate t a degree 


Made of Nickel oxide and 


terials, the thermistor is a space-traveler 


other ma 


nany of today’s missiles and satel 


dustries, Inc., 


lites. It reliably reports on gradients of 
the thin 


atmospheric shield and in outer space 


temperature within earth’s 
At the same time, it helps record the 


temperature changes in the missile’s 


skin and its interior. 


What is a thermistor? Its name, which 
comes from THERMal resISTOR, be 
gins to explain. Temperature changes 
as small as 1/50 of a degree produce 
a measurable change in the electrical 
The 

increase or decrease in circuit 


resistance of the pellet resulting 
current 
used directly 


can then be as a signal 


or can be recorded in the form of ten 


rature readings 


Bell Tele 


mmunications 


Originally developed by 
phone Laboratories for « 


equipment, thermistors are now widely 


the thermistor 
than a dozen different 


thin envelope of atmosphere. Made by Gulton In- 


now serves in more 


missiles and satellites 


goes thru needle’s eye 


used where a tiny, precise, and dependa 


ble thermometer is needed: in medical 


research, in over-load switches to pr 
tect electric motors, and in shipment of 


perishable foodstuffs, for example 


The role of Nickel in the thermist: 


only one example of the remark 
versatility 

Be sure 
Nickel c 


faced with a problem calling for unus 


of this element 
Nickel 


mpounds whenever you 


to investigate 


electrical or electronic properties 


for any unusual metal problen 


And don’t hesitate to call on us 
help you solve 


ial-selection problems 


THE INTERNATIONAL NICKEL COMPANY. INC 


York 5, N.¥ 


67 Wa Street 


- : 
isco. Ne 
[matt 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Die-cast alu 
blocks be 
ng produced for American 
Motors Corp by the 
Doehler-Jarvis Div of Na 
tional Lead Co. The en 
rine block weighs 67 Ib, of 
vhich 14 Ib 
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INTERESTING TO NOTE coniinvce ever, the same screw principle Cellini used to mint coins 
_ was adopted by the guardians of the medieval torture cham 
The Cellini Press 


ber in the form of the thumb screw 
l'asteners during the 16th century consisted mainly Benedict A. Leerburger Jr 


f rivets, buckles, screws and locks (for more on fasteners 
today, see p 58). With these, the armorer was able to 


lesign the finest steel “suits However. one of thes« > 


iluable fastening principles, the screw, was being idopted SIDELIGHT 


tor other purposes. The great Italian goldsmith, Ben ———— 





enuto Cellini, designed an efficient screw press to strike 
brass medals for Pope Clement VII. His device broke 


trom the traditional methoe ~ making these medal 


Nomographs are habit-forming. Maybe you've seen an 
Sta} 


iddict’’—an engineer who spends all his free time hunched 
liderule and graph paper Probablv he began inn 

which was casting ently enough: one day he thought he could save time b 

Cellini designed 


taine! see illustration ind 


onstructing a nomograph t simplify a much-used equa 


m. Now he can’t stop 


o strike about one hundre¢ 
for the Pope. It is 


that little came of the 


he editor of the artick n page 606 wa ined aw 
hat he left what we like to think of as the usua 
ie engines Ihe result shown below \n 


" _ } c . . ‘ 
rew-press. Even though 1 Nomograph nonymou 


ible to turn out 20 coins for e\ 

on ist or pounded out b 

hammer and die, it was tot 

rejected by those responsible 

the minting of coins. The reaso indoubtedly twofol ; Stepewed oalt 
1¢ capital expenditure required to instal screwprt . oothr tattoos 

was heavy when compared to ordinary hand-coiner’s equiy ; aa 

ment. Secondly, the speed and efficiency of Cellini’s ] 0 | ud) Nee diniite ation 

could easily have put the many individual minters ( | fiaiiaa 
yusiness Although there were no unions as we know | Sell 

them, guilds undoubtedly resisted any introduction of 

“Jabor-saving” press in the mint As a result, the Cellin 


press remains one of his le ist known ichie\ ments How 


efte 


NEXT WEEK IN PRODUCT ENGINEERING 


How the Resistance Transducers Compare 


When a control system needs an electrical signal responding to a change in 
position or displacement, these devices offer a varied combination of range, 
sensitivity and linearity 


Designing with Sintered Beryllia 


Outstanding as a heat conductor—insulates against electricity—nontoxic after 
it’s sintered 


Try Pneumatics for Hi-temp Systems 


Two researchers at Battelle Memorial Institute report on a hypothetical hot-gas 
servovalve—to determine how air responds in fluid systems at high temperatures. 


When Helical Gears Get You Out of Tight Spots 


Their adaptability can overcome many difficulties in geor-train design that 
normally call for complicated, expensive measures 


How Much Torsion for Off-center Loads? 


Labor-saving curves for two common cross-sections locate shear center that 
simplifies torque calculations. 
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SMOOTH ID 
CYLINDER TUBE 
THATS JOB-MATCHED 


SPECIFY 





With B&W LECTROSONIC you get... tubing that costs less than seamless in comparable sizes 
@ guaranteed maximum micro-inch finish on the ID to Manufactured under a rigid system of quality control 
meet cylinder tubing requirements B&W LECTROSONIC Cylinder Tubing is a sound, uni 
form tube which will fabricate easily and give optimum 
service life. For more information, call your local B&W 
District Sales Office, or write for Bulletin T-459. The 
Babcock & Wilcox Company, Tubular Products Division, 


e tough, lightweight electric-resistance-welded cylinder Beaver Falls, Pennsylvania. 
i, 
. . 


e uniformity of wall thicknesses and close ID tolerances 


@ guaranteed physical properties to insure adequate 
strength 


THE BABCOCK & WILCOX COMPANY 
1A.9052.WM TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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DEVELOPMENTS TO WATCH... 


Aluminum wool improves molded plastics 
By incorporating aluminum “woo! n exothermic plastic material in this cas« 
epoxies and polyesters that generate heat as they are cured), better moldings can b« 
made, says Croxton & Garry Ltd, of Surrey, England 

[he wool aids heat dissipation; and, if enough of it is used, thermally conductive 

products can be produced. Aluminum is superior to steel wool and to metal powders, 
C & G says, because it’s lighter in weight, less brittle, and shows improved therma 
conductivitt Furthermore, material containing aluminum wool is easier to machin« 
Addition of mineral fillers further Impro\ machinability and pro ides controlle« 

thermal expansio1 

In the amounts used for heat dissipatio 70 to 80 parts bi 


not markedly in e electrical conductivity. C & G is working 


type; but says they will require development of a special techniqu 


' 
vool, and mav require ial tvpe of woo well 


New bonding techniques for zirconium and aluminum 


\ new brazing alloy for zirconium and a method for joinins 
without the use of flux are reported by AK(¢ 

Vhe allo uitable for bonding to ceram iS 1 s other il ombinati 
of zirconium with 6 to 9 by ig f ni yf chromium, molybdenum 
or tungsten, and up to 74 iron basic ¢ sition | been patent 
#?.932.887) and is available for rovalt 

Che process for bonding aluminum to stain! volves tinning both surfaces anc 
then sweating the two together. For coating the aluminum, a | silver— leac 
illoy is used; for the stainless steel, 50 lead—50 tin [his process too, has been 
patented (42,937,438) and is being released for royalty-free, nonexclusive ( Infor 
mation on both may be obtained from the Office of the General Co 1 USAF( 


Washington 25, Dt 


Thermal time-delay developed in Australia 
lor on-off temperature and humidity 
ontrollers and other applications in 
volving fairly long time-constants, th 
Commonwealth Scientific and Indu 
trial Research Organization is develop 
ing a simple, effective dual transdu 

svstem 


The basic unit is a small /p 





bobbin on which a heater is wound 


to which a thermistor is attached 
liagram hey are mounted 
iluminum frame and 

| minim 


imbient te 


herve 


ircuit board 

lime constant 
fitting suitable thermal 1 ; ilu 
thts) to the bol TRANSDUCER UNIT consists of bobbin and 


minum Or copper welg 
heater, mounted in plastic sleeve. Aluminum 


in extension, and output characteri 
. cup provides path for heat dissipation 
by varying the percentag rf tl 


nput signal fed to each unit 

Unloaded units, says CSIR have a time constant of about 35 sec: but this may bi 
extended to 10 min. using unlagged weights; and to over ) min. if plastic-capped 
weights are used. ‘The “caps” are foamed-plastic insulators 

Plans are being made for commercial production in Australia, and the design is avail 


able for licensing by US manufacturers soutinned, © 6 
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MOTORS 


(other ratings 1/200 to 1 h.p.) 


““On-the-Job"' Bearing Inspection 
and Relubrication are Easy! 


RossBins & Myers motor bearings 
are fully sealed and pre-lubricated 
to operate for years without atten- 
tion of any kind. However, when maintenance schedules 
call for bearing inspection and relubrication at shorter inter- 
vals, R&M motors cut downtime and save labor expense by 
making these inspections easy. The bearing cap on each end 
head comes off quickly when the four securing bolts are 
removed. The bearing seal, held in place by removable snap 
rings, likewise, is easily removed to expose the interior of 
the bearing 
Easily removable bearing caps are only one of R&M’s 
many desirable design features. Double width bearing races 
have extra-large grease capacity ... Mylar* insulation that 
has 8 times the dielectric strength and 35 times more mois- 
ture resistance than ordinary paper insulation end 
heads offer full-height protection dual-sweep ventila- 
tion assures efficient cooling. For details, write today for 
Bulletin 520 PRE 


*DuPont registerca trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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DEVELOPMENTS TO WATCH... 








continued 





New oxide ready for evaluation 
Sporting a brand-new 50 %-lower price tag (but still one of the most xpensive mate 
rials in the engineer’s kit), scandium oxide is on the hunt for new jobs, and may b« 
well worth checking. Not much is known about it; but if, like scandium metal, it 
follows the pattern of the rare earths it may turn out to have useful electrical, electronic 
ind ceramic properties. Vitro Chemical Co. is now ready to supply it in gram and 
pound quantities 
Che price: $2850—down from last month’s $5500/1l That's just for 99.9 


material, though. You can get it 99.0 pure for $2750 


Cerium makes brass “super-plastic’ 
Carefully controlled additions of cerium can produce brass alloys that show an elonga 
tion as much as 150% greater than the unalloyed metal at the temperature of maximum 
plasticity (1350 | Soviet Academicians Y. M. Savitskiv and U. K. Duvsemalives report 
Dokladv Akademii, Vol : 
lo obtain the fect, the 1] must be hel 5 to . ong enough 
for full annealin Pure cerium need not be used he element can be added 


the inexpensi 


More refractory coatings by electrophoresis 
Heat-resistant coatings of oxides and unusual ceramic-meta yn position iow being 


produced by electrophoretic methods, are described in several reports prepared for 


I ! thi 
week's Electrochemical Society meetings in Houston hese are coatings produced by 
deposition of particles dispersed in an aqueous 0 vent carrier, rather than by con 
ventional clectre techniques 
lor instance lectrophoretic deposition of aluminum in ke | inder stud 
it Frankford Arsenal, where good results are being re} 
ym position And diffusion of such electrophoret 
s being investigated 
Vitro Ce mtinume it vork on ele tropho 
July 28°58, p ports a molydisilicid 
in air (under stati mditions) to 2600 | | 1 I Cc erl cvcling 
| dicating that ductility need rovemen r study b 
etic deposition of solid-film lubri 
leposited by a combination techniqu ising a Susp 
1 conventional electroplating bath, are described by AMI 


factory coatings combining alumina, zirconia and molybdenum di 


metals as chromium, cobalt, nickel, platinum ind tungsten ha 


Fused salts as heat-transfer media 
The technology of fused chloride salts ed ( int wh juipment 
be designed and operated at temperature 100 ' igh d f conhdence 
Brookhaven National Laboratory reports est vering penods of hundreds and ever 
thousands of hours, were made in forced-circulation and thermal-convection loop 
Plenty of problems were found. ‘The fused salt eutectics used nixture of lithium 
chloride and potassium chloride that melts at 660 | ernarv sodium chloride 
potassium chloride—magnesium chloride composition melting ut 740 I ire sub 
ject to rapid reaction with atmospheric moisture, and all equipmer ist be thoroughh 
clean and leaktight. However, type 347 stainl tec] ved satisfactory as a con 
tainment material and ring-type flanged connections were serv 


1¢ 
ly 
IV¢ 


\s to components, bellows-sealed and Y pattern gl va 
Commercial needle valves did not. Likewise, sump-type canned pump 
modifications, performed fairly well; while some other types did not 

A report on the work just completed, is being released by Brookhaven 

Note: For more on high-temperature fluids, watch for Propucr ENGINEERING 'S 


special report on high-temperature fluids—coming soon ARG 


— 
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WHAT'S HAPPENING IN RESEARCH... 


Organic batteries 
being developed 


Organic compounds that might 


is cathodes in magnesium cells 

inodes in other types of bat 

ire under test at RCA’s Semi 
ynnductor & Materials Div 

In ecTies | 

it this week’s Electrochemi 

il Society Meeting, engineers at 

RCA’s Semiconductor and Material 


D lescribe several promising typ« 


f reports prepared for 


Magnesium cells in which m-din 


ithodes replace the usua 


] 
oper ite efhcientl 


benz 
' 
hanganes dioxide 
il discharge potential 


vide high capaci 


is 


mp 
iumimum 


nan and ¢ 


More progress with 
plastic semiconductors 


\ report on one phase of the US 
r Force’s research program, and in 

ion on new metal-polymer 
USSR, highlight th 


cm ondu¢ tor hk ld 


om th« 


US report, just released 

uigh the Dept of Commerce, di 
work done at Armour Research 
undation (PE—July 4, p 9 
\mong the compounds under stud 
ie polytributyl tin methacrylate, fer 


rocene, and titanium-treated poly 


ethylene. One important finding: Ex 
posure to iodine vapor markedly in 


reases the conductivity of many of 
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these compounds, promises a signifi 
cant improvement in some cases. The 
Armour report, PB161459, 35 pages 
double-spaced), priced at $1.25, is 
ivailable from OTS. 

I'he Soviet report, from the Insti 
tution of Electrochemistry in Mos- 
ow, tells of semiconductors made bi 
incorporating fine metal powders in 
Both 
n-type and p-type materials are being 
produced; the latter by mixing fine 


plastic and rubber binders. 


iron powder with polyisoprene or poly 
tyrene and pressing to shape 
Che n-type materials are made by 
ibrational grinding of the reduced 
nm with the resin monomers. Thi 
the Soviets say, strips the oxide film 
from the metal and produces active 

nters for catalysis of the resin 
Ihe Soviet report, by S. D. Levina 
ind several co-workers, appeared in 
SSSR, Doklad\ 

A brief abstract 


ailable in English, but no complete 


\kademiva nauk 


13 


#5. 1960 


1 
translation 


Supercooled titanium 
shows superstrength 


lodide titanium, cooled from 
temperature to 452 F, 

10) in tensile streng 
DeSisto and F. L. Cart 
\rsenal. 

Using the new tensile 
they described at the Cry 
veering Conference (PI 


16), they find titanium’s _ tensile 
strength increases continuously—from 
+6 O00 psi_ to 143.000 psi—as th 
temperature goes down. Elongation, 
on the other hand, first increases and 
then decreases. It goes from 60% at 
room temperature to 72% at —319 I 


then drops to 5Y° it $52 ] 


briefs... 


For plasma arc spraying at tempera 
tures in the 15,000 F rang 
s now offering 
irbides 
ybtained 
n substantia tities 
lio} 


IK¢ qgicnromium 


qu in 


lenum dib 


660 F is the top te 
enth ulab elaston 


Marvel of the Univ of 


there’s not much hope 


I 


‘mperature tf 


1 1 
ite breakth 


mperature 





British offer servo set for research 


\ build-it-vourself servo kit that « 
be assembled without special tools 
precision fitting is being offered bi 
Feedback Ltd, Crowborough, Sussex 
ingland: the servo control unit—d 
power supply, motor armature supph 
servo amplifier, potentiometer supph 
ind mixing circuit 
price tag of about $850 
weight is 77 kg A kit for a sen 
issembly like the one pictured 1 
ibout $475 (shipping weight: 60 kg 
\ variety of mechanical component 
gears, cams, dial assemblies, and th« 
like, is available individually at price 
from about $1.50 to $9. 


Carries an export 


shipping 


SERVO ASSEMBLY, supplied in kit 
form, includes servomotor tachometer 
gear train, input and output potenti 
ometers, plus mounting base 





10 


Remembered 
for Performance... 
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MELAMINE 


—~ BEETLE” 


UREA 


PLASTICS 


CYANAMID MOLDING COMPOUNDS 


SELF-EXTINGUISHING 
HIGH ARC RESISTANCE 


DEPENDABLE ELECTRIC PROPERTIES 
UNDER ADVERSE CONDITIONS 


EXCELLENT ABRASION-RESISTANCE 
CHEMICAL RESISTANCE 


CYMEL 3135—3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5) 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
connector plugs; terminal 

; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP1 SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704 
55T Type 1, SP1 SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cymel 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cyme! 1502 (MIL-M 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filled) Additional dis 
tinctive properties: Economy of fabrication, 
economy of material, myriad translucent and 
Opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP1 SPEC NO. 27026 


WRITE FOR COMPLETE TECHNICAL DATA 


— <YANAN I YD re 


AMERICAN CYANAMID COMPANY «+ 
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Hardened steel links of top-grade 
carbon steel have contours accurately cor 
trolled to assure proper wheel action. 


Pins are case hardened & precision ground t 


that r 


: Compact, positive-contact design 
The teeth in 


reduces entire unit expense 


be bd be There are big savings to be found by switching to modern, 
1] } - e t Sl e] it C all } versatile Link-Belt silent chain drives. Smooth, positive en 
gagement prevents slippage. eliminating wasted horsepower 


Long life ontinuous operation with minimum maintenance 


for many years is common—keeps production costs down 


Now consider these additional advantages: dependable 
operation under extremes of temperature and humidity; easy 
assembly in tight spaces, permitting built-in drives, compact 
} 


housings; space saving and efficiency on extremely short ce 
ters at ratios as high as 10-to-] 
Link-Belt silent chain is available in a full range of types 


ind sizes for either large or fractional-horsepower drive 


a 
For full details, call your nearby Link-Belt office. Look 
under CHAINS in the yellow pages of your phone book 
2425 


Ask for Book 


©}BELT 


SILVERSTREAK SILENT CHAIN DRIVES 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors in All Principal Cities 
Export Office, New York 7; Australia, Marrickville (Sydney); Brazi! 
Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs 
Representatives Throughout the World 15,4 


* 
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FROM WASHINGTON ... 


USSR to defrost arctic for northern sea route 


Soviet scientists reported|y have a plan to thaw the frozen north by creating a space 
belt to capture more solar heat. They believe that a belt of potassium particles 
placed in space between 70 and 90 north latitude would trap sufficient additional 
energy from the sun to warm up the northern hemisphere. One big advantage 
would be to keep Russia’s North Sea shipping routes and northern rivers ice-frec 


for year-round navigation 


Such a plan would not affect the lower latitudes, the Russian scientists say. What 
they would do is put some | 7 million tons of the particles in space 600 to 700 miles 
above the earth. The reflecting belt would then cause more solar heat to be 


reflected back to earth 


Right now, the scientists say, only about one 2-billionths of the sun’s energy is 


reflected to the earth. Rockets would carry the particles into space where they 


would be dispersed by a special centrifugal apparatus 


NASA to coordinate materials R & D 
A new division, for handling materials-research programs, has been set up by the 
National Aeronautics and Space Administration. ‘The office will coordinate NASA 
materials-research efforts with other government agencies and start new programs in 
NASA is spending some 


tep up activity in thi 


areas where materials research is lagging. Current) 
$7 million to $8 million a vear on such research; it plans to 


area in the coming years 


Defense contracts include “VE” cost-cutting incentives 


Che Pentagon is turning to “value engineering’ to cut cost 
+} 


, ] > ] ' 
Also known as “value analysis” or “value improvement he n ofters dolla 


incentives—half of the savings—to companies that come up with « reductions on 
capabilities of new weapons 


ontracts 


military specifications without impairing functional 


Ol components 


The plan has been used by some of the services for some time. Now, however 
“VE” clauses are being widely written into contracts. For example, Navy—which 
has led in value-engineering incentives over the past years in shipbuilding, has 
begun inserting formal clauses in most of its procurement contracts for equipment, 


components, et 


The Army Ordnance Corps awarded its first production contract with a formal 
“VE” clause recently. It was a $2-million contract to ‘Temco Aircraft Corp for pro 
duction of wings and elevons for the Hawk antiaircraft missil« 

Air Force says it has been promoting the same type of cost reductions on an 
informal basis. With top level Pentagon recognition for “VE” however, AF con 
tracts will likely carry formal clauses soon, too 


Navy estimates it has saved $2.5 million over the past few years with the “VE” 
incentives. And General Dynamic’s Electric Boat Div earned over $294,000 extra 
in construction of four nuclear-powered submarines. It proposed some 225 changes 
in specifications, use of materials, or production methods—the Navy adopted 94 
of them. A $71,000 award was made for substituting electric stud welding for 
adhesives in attaching damping materials to the inside of the submarine hull. A 
$16,000 earning came when Electric Boat simplified valves in a snorkel exhaust 


system. 
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appearances are not deceiving 


THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS 


Our AB relay looks rugged . 


and it is. You can specify it for 


10 amp switching and confidently expect 100,000 cycles. Yet it 
is compact, easily mounted, and does not require special han- 
dling. Installation is simple, using your preference of screw 


ABC Series—AB series can be sup 
plied enclosed in sturdy metal dust 
cover, 19a” x 272” x 2%42" 


terminals (adapters), quick connects, 
or dip soldering. 

Designers specify the AB for air 
conditioners and other products where 
dependable, continual service is 
paramount. 

These standard AB and ABC relays 
are listed by Underwriters’ Labora- 
tories and Canadian Standards 
Association: 


Type Arrangements Type 
AB7AY DPST-NO ABC7AY ODPST-NO 
ABSAY DPST-NC ABC8AY ODPST-NC 
ABLIAY DPDT ABCIIAY DPDT 


Coil voltages: 6, 12, 24, 115 and 230 volts AC, 50/60 cycle 


Contact rating 10 amps, 115 volts AC or 5 amps 
230 volts AC noninductive 


Arrangements 


U/L File £-29244 CSA No. 15734 
Write for complete data or contact 
your nearest P&B sales engineer. 


AB AND ABC RELAYS 
ENGINEERING DATA 


GENERAL 

Insulation Resistance: 100 megohms minimum 

Life: 3 million cycles (mechanical 

Breakdown Voltage: 1500 volts rms between 

all elements and ground 

Temperature Range: DC 55 to + 45°C 
AC 55 to + 45°C 

Weight: AB 5 ozs. ABC-—7 ozs 

Terminals: Fit 4%” quick-connect terminals 

or may be applied to printed circuits 

using dip soldering. Screw adapters 

furnished on request 

Enclosure: ABC: Heavy duty dust cover 


Dimensions: 1°44" x 27542” x 2%42” 


CONTACTS 

Arrangements DPDT Power: DC watts nomina 
Maternal: 4%” dia. silver. Other materials AC: 6.4 volt-amps 
available Resistance: 35,000 ohms max 
Lead: 5 amps at 230 volts AC or 10 amps Duty: Continuous: DC coils w 
at 115 volts AC noninductive 6 watts at + 25°C 

0 g 

10 amps at 28 volts DC MOUNTINGS 


coi AB: Two 8-32 tapped holes on 1% 


ABC: One 8-3? stud 


locating tat 


Voltage: DC : 6 to 110 volts 
AC: 6 to 230 voits 


P&B STANDARD RELAYS 
ARE AVAILABLE AT YOUR LOCAL 


ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 


wit 


4 





AlSiMag pioneered micro-miniature ceramics . . . 
4 some as thin as 0.005". Relotively high strength, 
superior performance at high temperatures, high 


frequencies. Excellent record for withstanding 
fatigue, heat, shock, vibration, 


1S AN OUTSTANDING CHARACTERISTIC OF 


HSI MAG IGERAMICGS 


AlSiMag Ceramics offer exceptional resistance to heat and 
erosion. They have marked electrical and physical stability 
at elevated temperatures and in varying environments. 
Chemically inert. Good strength. Can be accurately fabri- 


cated in micro-miniatures. The AlSiMag Ceramics in these multiple pin head- 
ers may be safely used up to 2800°F. The metal 


AlSiMag Ceramics include many special purpose ceramics, components are the limiting factors. 


some especially adapted to hermetic sealing. Widest choice These tantalum pins with nickel braze alloy oper- 


f teriol h if f ‘alized ate around 1000° F. All materials are rugged. 
of materials, more than half a century of specialized ex- Girone thennstir sock. Low.weneiaresnits. tah 


perience. Send blue print and operating conditions. temperature bake-out is practical. 





A Subsidiary of 


iin of Ss AMERICAN LAWA [carancoc stn 
oO" i? Ser ORATI OAS 


For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local 

telephone directory): Boston: Newton Center, Mass. © Chicago: Bedford Park, Ill. ¢ Cleveland, O. © Dallas, Texas ® Los Angeles, Cal. 

New York: Ridgefield, N. J. © Philadelphia, Pa. © St. Louis, Mo. © St. Paul, Minn, © So. San Francisco, Cal. © Seattle, Wash. 
All other export: Minnesota Mining & Manufacturing Ce., International Division, 99 Park Ave., New York, N. Y. 
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Engineering Case History: Discoverer | to XV 


Los ANGELES America man-in 
hot-in-the 
vith the successful mid-air catch 
Discoverer XIV (PI 
ind, before that, the 
of VIII Cap ule X\ 
ked to its 


program received a 


drop point 

t before recove 

target triumphs, after sev 

have brought Project Mercu 

to fruition. But even the failures have 

idded to America’s 0 
f what problems we fac 
The Discoverer 
yace shots and 


liable research informat 


vas then | 


ill knowledge 


project 

being used 
nou phen mecna r out 
1 

ach vehicle 


different 


ind capsule 
nstrument package 
pecific conditions met in orb 
ronment Tests include 
xpe riment le iding to ma 
flights: recovery techn qu 
ipplications, and pure 


irch on the unknown 


THE BOX SCORE 
15 of the 35 Di 


hots have been made Disc 
XVI, planned for this month 


i nid-air catch t dD 


DISCOVERER Xt DIAGNOSTIC 
PACKAGE, used to obtain informa- 
tion about previous recovery failures 
n the program, monitored separation 
of capsule from Agena, retro-rocket 
ejection of the rocket one 
parachute deployment, and other func 


hiring 


tions. Satellite and capsule had nearly 
four times the instrumentation carried 
on previous launches for capsule in 


vestigation 
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ipsule containing live animals 
ibly monkevs. Here is the 
dat 

© |—IK cb 258 '59—After tw in 
lations caused bv errors, the missik 
It failed to reach orbit; n 


ittempt was made to eject and r 


vas fired 


he capsule Ielemetry was unsu 


ssful and tracking sporad 

© |I—March 13 °59—Launch 
successful. ‘Tra 
ng and telemetry followed the capsul 
ind indicated a recovery parachute 


Spitzbergen N 


ur search or catch po sibl 


e iil June 3 *59-—< apsulc I 
orbital velocit 


rbit establishment 


deployment over 


ichieve 
ind telemetry 
launch and coast flight 

e 1V—Jun 

werer II] 

eV—Aug 13 >99—Launch nd 
essful after 
stabilized orbit and attitude had been 
Tracking and_ telemetry 
separation Ni 


received 


successful 


ipsule separation suc 
ittained 
successful through 


recovery beacon signal 


visual sighting made, ] 
vas lost 

e VI—Aug 
werer V. 


e VII—Nov 11 °59—An inverte 


ind the « ipsu 


19 ’59—Same as Di 


failure prevented stabilization of the 


econd-stage carrier 


Agena—and sub 
I ele m 
successful 


equent capsule separation 
etry and tracking wer 
throughout the flight 

e VITI—Nov 24 °’59—Achieved a 
highly elliptical orbit with perigee at 


+ 


120 miles and stretched te 


1000 miles 


ipogec 
Orbit caused prematur 
of the 
Agena, hence attitude correction at 


exhaustion of the vernier jets 
+ ’ 1 
ime of separation didn’t occur. Telem 


etry indicated separation occurred 
but attitude probably caused reentr 
( ipsulc to overshoot the recovery art 


by hundreds of mile 
Discoverer 


e IX—Feb 4 ’60 
ichieve bital velocity 
| telemetry ire 
functioned satistact rily 
nch and coast 
e X—Feb 19 ’60 
ure 5 ifter lif 


DISCOVERER XIV TAKES OFF 

Agena stage and capsule being carried 
into orbit by a Thor IRBM. The re 
entry vehicle, carrying a heavily in 
strumented recovery capsule, success 
fully withstood the 
heat, and ejected capsule was caught 
in mid-air by a US Air Force plane 


searing reentry 


missile destruction by 
ofhcer 
e XI—March It 


hot up to and in 


successfi 
7 
Capsule 
separation Immedia ifterward 
ome unknown action disturbed 
upsule and it wasn't 
ry during 


( ipsule was iost 


e XII—June 


»t 
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LAUNCH-TO-RECOVERY SEQUENCE shows Agena cap by earth command or a self-contained program tape 
abilities of Agena vehicle This carrier can orient itself covery is only of the capsule, the carrier either bu 











in space, change attitude, and separate its capsule eithe or falling into the ocean, 


nid-air catch after D 1 bit a different instrument } rT vhich letects th 
‘ 


er ompleted 17 polar orbit ge—Discoverer, Maida ind Samo between sky and earth 
eX\ sep 13 OU Vehic I Discoverer 


1 seri f earch Attitude changes are 
bited successfully and « ipsul erect psules Mida l ml le-« vy command from earth or 


Capsule landed outside of the cate! ystem; Samos, highh mtained program tape 
irea and was presumed lost until seen hed pictorial-surveillance vehicle the potential to restart 
floating some 1000 miles  outsid \gena is carried into sy y ‘tors in space allowing fo 


the target area. Capsule, howeve: hor IRBM in the case o ( hang nd for placing th 


couldn’t be found by search vessel werer phase, by an Atlas ICBM ft ’ ntrv trajectory 
ind is again presumed lost the other two. At separation, Agen ll rocket motor po 
And that’s the score to date. ropels itself into orbit and establish gena. Thrust comes from the hype 
predetermined attitud lepending iction of inhibited red fumu 

MORE TO COME m the job assigned to it ipsule. It itr icid and unsymmetrical 
me part of a thi 1as the ability to sense deviations f1 ri1 How the reaction is initiate 
phase project using the \gena, a t predetermined ittituct ind the icuum Of space 1s still classif 

highly sophisticated final-stage orbit nake appropriate correction Phi Newer models of the Agen 


] 


ing vehicle, designed and manufa iccomplished by vernier jets which a1 ver Uncle Sam's moon prob« 


tured by Lockheed Aircraft. In each trolled by an inertial yaw and pit lunar-orbit vehicles. 
phase, the Agena is slated to carn trol, and an infrared horizon -Bill Wallace, LA News Bureau 


Plastic Sheet Forms Integral Shapes 


A 


Expensive molds and dies for instrument and machin¢ strips by a a set amount, the parts of the assembly can b« 
housings, tanks, and containers may be replaced by a new butt-jointed and bonded, or mechanically fastened to form 
process that forms intricately contoured parts of fibe an integral unit. Any wall thickness is possible and any 
glass-reinforced plastic sheet. Molded Fiber Glass Sheet curvature down to a radius of 3 in. Shown above are 
Co, Ashtabula, Ohio, takes a strip of the material and shapes made by the laminating process (left) and a com 
shapes it to a pattern. A second strip is laminated to the pleted tank with its shell formed this way. Die-molded 
first and the assembly is cured. By displacing the two heads are adhesive-bonded in place. 
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Who Threw the Fallout 
into Precious Metals? 


Atomic 


Commission 15 probing 1 nuclear mys 


W AsHINcron— The Energy 


tery which so far has shown several 
ingredients of an Erle Stanley Gard- 
ner “whodunnit.” 

Small 


metal have turned up in the com 


amounts of a_ radioactive 
mercially distributed products of the 
precious-metals industry—but no 
body knows how or why or when. It 
] 
i 


was after one precious-metais refinery 


discovered radioactive 


sot yp of 
ruthenium-106 in a mixture of 
dinarv ruthenium and rhodium (b 
product of a platinum metals refin 
ng process ) that AEC wa 


But an entire 


illed in 
division of atom 
leuths has been unable to find out 
exactly where the contaminating ru 
thenium comes from. It is a man 
hssion, and 


fallout 


product of atomic 


I 
one guess blames radioactive 


It id 


from atomic bomb explosions. An 
ther suggested source is scrap’ fission 

being 
AEC in 


spectors are now checking US reactors 


products reprocessed ifter 


taken from nuclear reactors. 
on the last possibility and are also 
watching precious-metal inports which 
contaminated by 


could have been 


foreign reactors. 


MORE THAN ONE REFINERY 


After the first alarm, a check by 
the Commission Compliance Div, rc 
AEC’s 


licensees 


sponsible for inspecting the 
$000 reactors and isotope 

reveal that some half dozen other re 
fineries were also distributing ruth« 
nium that contained the “hot” Ru 
Ruthenium’s 


use is as a hardening and strengthen 


106 isotope primary 
ing agent for platinum metals. It was 
determined by the AEC that none of 
the ruthenium leaving the refineries 
was alloyed with platinum in amounts 
greater than 4 to 5 Commission 
investigators also found no use being 
made of the contaminated ruthenium 
other than in a dilute platinum alloy. 

\ further check by AEC indicated 
fortunately, that as much as 80% of 
the alloyed ruthenium used after lea 
ing refineries did not involve substan 
tial human contact. For exampk 
the platinum-ruthenium alloy in elec 
trical wires and in certain electrical 
switch gear does not normally result 
in substantial radiation exposure 


Ihe two cases involving greatest hu 
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ian exposure were instances where 
the radioactive alloys found their way 
into platinum used by jewelers for 
making rings, ring mountings and 
watches, and into the platinum base 
that dentists use for making indi- 
vidual false teeth. However, in each 
instance the AEC concluded that the 
ontaminated ruthenium was in such 
dilute form that its radiation presented 
no health hazard. It was decided that 
no action would be taken to recover 
these products. 

According to L. D. Low, head of 
\EC’s Div of Compliance, the health 
hazard presented by the dilute ru 
thenium-106 alloys is, by compari 
nearly so serious as that 
bearing 
vatches recovered by AEC and the 
American Rolex Watch Corp last De 
und January. At present, re 
neries and fabricators with stocks of 


on, not 


presented by strontium-90 


mber 


Ru-106 are being required to dispos 
of it according to AEC instructions 
Meantime, Low has ordered eight 


Compliance Div field offices to con- 


] 


tinue the nationwide search to de 


contamina 


tion and the extent of its distributi 


termine the course of the 


for commercial purposes Names 


ndividuals and companies involve 
the radioactive metal distribution ar 
being withheld by the 
pending final outcome of the hunt 
While _ the 


1 


discovered up to now 


COMMISSIO!I 


radioactive-rutheniun 


have 


dilute low-level illovs, Lov 
primary object of th 
estigation 1s to ens 
been made or 1} 
yf unalloved, 100 
ruthenium metal 
If this happens, we'll have terrif 
roblems,”’ Low said 


—Richard Smith Washington Bureau 


New French Machine Tools Stick to 
Plugboards and Copying Attachments 


Although Renault 


drill with numerical control rated as 


PARIS prototyp¢ 


the individual standout, 


rogramers and copying attachments 


plugboard 


were most in evidence on automatic 
nachines at the Ist French Machin 
lool Show. 

\ tour around the display stands 
it the CNIT Centre National des In 
dustries et des Techniques) Exposi 
on Palace on the outskirts of Paris 
left visitors with the impression that 
l'rench machine-tool builders and im 
porters are cautious. These people 
feel there is at best only a limited 
market in France for machines with 
highly sophisticated numerical con 
trols—and price tags reflecting that 
sophistication. French builders are 
moving more and more toward auto 
matic operation, but they keep a sharp 
eve on cost when designing controls. 

Representative of the French ap 
proach to automatic machining cyck 
was the automatic turret lathe dis 
played by SOMU. Here spindle speed 
turret feed, cross-slide selection and 
the order of movements of turret and 
cross-slide in the cycle for each of th« 
six turret positions are selected on a 
plugboard console separate from thx 
machine. On _ the itself 
dogs that actuate microswitches ar 


machine 


set to get change-over from fast ap 
proach to cutting feed and, at the end 


SKIAKY ELECTRON BEAM WELDER 
welds zircalloy-steel nuclear reactor 
components in a vacuum. Workpiece, 
about 6.5 ft long, passes under elec- 
tron gun control of welding cycle, 
varying longitudinal speed of work- 
piece between 4.5 in. and 85 in. per 
min., transverse speed from 0.2 in. to 
40 in. per min. Column has 11.8-in 
range of vertical movement 


ft the cut, to fast return of the hea 
\nother variation turned up on th« 
MAS lathe put on the floor by Str 
jexport, the Czechoslovakian export 
igency. On this machine a plugboard 
different fee« 


yermits choosing 12 


pindle 
f two slides; 


speed combinations for each 
copying attachments o 
ims control cross-feed. But insteac 
f the usual arrangement of dogs an 
from fast 


nicroswitches to change 


ipproach to working feed, a drum 


rl 
] 


nounted next to the plugboard i 


continued on page 0 
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NEWS ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


One of the most challenging 
problems today’s design engi- 
neer has is the development of 
missile components that will 
stand up under severe firing con- 
ditions. In many cases, designers 
are meeting this challenge with 
the help of modern plastics mate- 
rials. Here, for example, is how 
a Dow thermosetting resin helps 
keep the Minuteman Missile at 
readiness for instant firing. 


e Mesa 


RR IS. ee 


Rare indeed is the design that cannot benefit from the application of 
today’s plastics materials. From the ultra-high performance standards 
required by America’s weapons program, to the equally high standards 


demanded by America’s army of consumers, plastics are meeting the 


toughest tests head-on 
example... 


. and passing them with flying colors. For 


HOW MODERN PLASTICS 
HELP MAKE MISSILES GO... 


BUSINESS FLOW 


Producing relays for the ground check- 
out system of one of America’s new 
missiles, a major electronic component 
manufacturer had to meet rigid design 
and performance requirements. 

Their relay, a micro-miniature plug-in 
unit, was designed to be potted in an 
epoxy compound to give the connector 
mechanical stability and to assure elec 
trical insulation. 

In the process of selecting a potting com 
pound, the designer made a series of heat 
and chemical torture tests. One test, to 
determine the effects of a prolonged, in 
heat, conducted with two 


tense was 


te Ree aa Re et 2. Ea ie 


potting formulations—one a high quality 
conventional epoxy resin, the other Dow 
Novolac (D.E.N 438). The 
relays were placed in a 180°C. oven 


After five hours, the conventional epoxy 
100 


Epoxy 


resin potting cracked. But after 
hours of continuous 180°C. heat, the 
potted terminal made from Dow Epoxy 


Novolac was unharmed! 


To compare the ability of each potting 
to withstand chemical action, they were 
soaked in 
solvent. The ordinary epoxy resin formu 
lation was completely after 
48 hours in the solvent. But the 


* Trademark 


a high-powered degreasing 


dissolved 


only 


1 cot ER Sy SE Oa 
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potting made from D.E.N. 438 showed 
no significant change, even after two 
weeks’ immersion in the same solvent! 


Other applications, too. Whether it’s for 
molding, encapsulating or laminating 
electronic components, or to give coat- 
ings and adhesives special qualities, 
designers are sure to benefit from the 
hardness, toughness, dimensional sta- 
bility and chemical resistance of this 
new Dow polymer. 


Other Dow plastics materials are per- 
forming equally important jobs helping 
to maintain the flow of modern business. 
Dow thermoplastics, for example, are 
contributing durability, attractive ap 
pearance, impact strength, moldability, 
chemical resistance, and other qualities 
to adding machines, mechanical pencils 
and pens, letter baskets, wastebaskets. 


High impact resistance is one of the main 
qualifications for the cover and front 


TAIL LL SETI 


panel of this adding machine. The de- 
signer chose a formulation of Dow poly- 
styrene —Styron® 440—for its impact 
strength and low gloss. Furthermore, the 
parts made of Styron have built-in color, 
eliminating a four-step painting opera- 
tion. The use of Styron 440 has provided 
a substantial savings in production costs, 
and combined with the designer’s skill, 
has resulted in an attractive, compact, 
durable product. 


The exceptional moldability of Tyril®, a 
Dow copolymer of styrene and acryloni- 
trile, not only gives these pen and pencil 
barrels an attractive, smooth, glossy ap- 
pearance, but it enables the manufac- 


turer to achieve a tight plastic-to-metal 
bond. Molded with finely detailed screw 
threads, the barrels hold the metal parts 
with exceptional strength, and can be 
screwed on and off, again and again with- 
out losing their firm grip on the metal 


ARE YOU ON RECORD? Have you a design problem that might be solved by 
one of the versatile Dow thermoplastic or thermosetting materials? If so, drop 
us a line. We'll be glad to help you with specialized technical service—from 
choosing the best formulation to assisting in color styling. Write THE Dow 
CHEMICAL COMPANY, Midland, Michigan, Plastics Merchandising Dept. 1724DZ10-10. 


Another formulation of Styron, Styron 
475, gives an exceptionally high degree 
of impact resistance to a three-tier office 
letter basket. Styron 475 has three to five 
times greater impact strength and nine 
times greater elongation than general- 
purpose polystyrene formulations. Each 
tier is held up by thin posts of Styron 475 
that fit into slots in the the 
baskets. The high impact characteristics 
of this formulation prevent splitting or 
cracking at these points of stress, and 
combine this toughness with a pleasing, 


sides of 


graceful appearance 

Molded in color, the flexible wastebasket 
of Dow polyethylene is a natural appli 
cation of this versatile Dow plastic 
material. Inert polyethylene makes it 
and rustproof, 
noiseless. Available in a wide range of 
formulations for both molding and ex 
truding, Dow polyethylene provides 


sanitary easy-to-clean, 


utility in a wide variety of applications 


THE DOW CHEMICAL COMPANY 


Midland, Michigan 


See ‘The Dow Hour of Great Mysteries"’ on TV. 
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AUTOMATIC MACHINING CYCLES on the Salome-Freres 

Synchromat” lathe at French machine-tool show are set MERRY-GO-ROUND LOADER feeds gear blanks to La 
ip on a plugboard located on the machine. Lathe has two Precision Moderne hobber, then carries the finished piece 
parallel beds—with two longitudinal slides on lower bed away. Blanks ride loosely in their carriers. Upon reaching 
ind a transverse slide with a hydraulic copying attachment work station they are cammed clear of the carriers 

on the upper bed Special feature here gives constant ramp. After the machining operation, they drop back 

inear feed along profile of workpiece. The copying attach into the carrier and continue on around; machine shuts 
nent senses tool pressure and varies feed accordingly utomatically when the merry-go-round has made the 
When there is no copying attachment two transverse plete, 60-min. revolution Merry-go-round is ther ! 


slides can be used cn upper bed nd rect ed witl ilanks 


continued from page 17 tape punching machin« hin nean f a dial on the i 
used. The Czechs also showed a drill onverts the instructions into a binan suit the tool. But the tape-pun 


with pushbutton selection of spind lc decimal code. In the control consol quipment was designed with a 


speed and feed the tape lies over a group of smal used line (there are 10 lines of 
1 


[he tendency to keep automat pistons that actuate miucroswitclh« nation for each hole and only nin 


machines as adaptable as possible ex Compressed air, fed to the taps ead ire used) that could be used for in 


tends even to transfer machines. Pol ng equipment, depresses pistons ex tructions to actuate a tool chang: 


] 


mechanique had on its stand a rota osed by holes in the tape. That way ind set spindle speeds automatica 
transfer machine that turns out—at a the preselected combination of instru —Art Erikson, Paris Bureau 


rate of one every minute and a half tion inputs is obtained for the tran 
bas lz « Al ( ] sISTO 0 a8) \ 
- <P nag yr ein iulic - k “ 7 ¢ or froscoong = ' New Measurement Center 
1iCacs On 1¢e@ macnine pel Orln Oa 1¢ contro circuits develop i¢ ° 
| Aims to Close US Lag 


piece. In order to give the machine coordinates and compare them with Wasuinctron—The nation’s first | 
the flexibility to handle, in successive the actual table and head positions titute of Measurement Science h 
uns, a whole “family” of similar base which are fed into the console from ven established here by Georg 
plates in different sizes, the heads ar photoelectric cells that read a reflected Washington University’s School 
mounted on jacks. That way, they can code from disks on the machine. ‘Th« Engineering. Formed with the 


be readily repositioned when the linc resulting output signals actuate relay yort of the National Bureau of 


machining operations on each work position signals for the X, Y and Z 


is changed over to produce a different n the table and head drive-motor ci ids and The Martin Co, the 
size; changeover takes about half a cuits [The control circuitry is ar tute aims to train students in the 


t 


day inged so that the final slow approach § metrology—the science of 

Flexibility was also offered by the of the table to the preselected position urement. Classes start next Fel 
press manutacturer, Promecam. Its is always in the same direction. Ac According to Dr A. G. MeN 
latest press, available in sizes from curacy of the positioning is +0.1 mm hief of the metrology div, NBS, th« 
16 to 250 metric tons, can be flipped about 0.004 in.); repeat accuracy 1 lack of experienced people in thi 


over on its back to convert it from 0.02 mm (about 0.0008 in Th nee iwesome 


vertical to a horizontal press machine can also be controlled man During the past year,” lh 


’ ; 


I'he sole significant excursion into tally by dialing coordinate position quests by industry and governmen 


numerical control at the show was by on the console. f ilibration of gage blocks alon 


Renault, which displayed a prototype In the prototype ersion, tool ave increased from 300 to 1000 


lrill operated from a punched paper changes are not automatic. When th« nonthly As a result, a priority 

tape. Coordinates of the holes (the tape has a tool-change instruction tem had to be established. Packing 
reference point can be located eithe: punched on it, the machine stops and ises Of important instruments of all 
on the workpiece or outside it) plu in indicator lights up on the consok kinds sent to NBS by industry for cal 
instructions for the cycle are tapped The operator changes the tool man ration are overflowing into the hal 


1 


mut directly on the keyboard of the ually and sets the spindle speed, b vavs of the bureau.” * 
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Fight Explosions With Explosions 


New Yorx—On May 27 an explo 
ion Was § press nm ore ci losphere for controlled relief of pr 
it the Monsanto Chemi | ure 

Springfheld, Mass Outside evidenc ® Advance 


e Venting—opens a path to the at 


inerting—introduce 


spectacular—the ippressant into area 


re I 
hut down, automat ource of the explosion 


But examination found chat 
intake chute of the 


econdary explosion of fire 
e Jsolation—blocks the explosion 
blast had died at the from other areas 

born Vhi © Automatic shutdow 

to an un Ippresse juipment 

same piece of equip Ihe snufted-out Monsant 

1959 Then. th on, caused by tr imp metal dus* co 
were blown out and cin ting in the chute area, was siflec 


‘block room walls were damaged Dy suppressant ind automat cquip 


Ihe difference was this Fenwa ment shutdown followed. Here, meta 
tem had beer dust was the cause; other explo ons 
ire caused bv fuels, solvents, paint 
ibow irnishes plastics nonmetal dust 
standard products for F* Susceptible industries range from air 
Ashland, Mass, the protection raft through chemical and r¢ 
two thing letec hemical processing 
d netalworking and 
Case in point 1s 
vonia plant fire 
vhich completely 


iobile transm 
COMBINE STANDARD COMPONENTS 


Although each protective 
on tailored to meet 


ynbination of standal! 


! 





Suppressor 





50 4 Normal 
45 + Explosion | 


i 


Electrical Power Unit rleme Front 

















Pressure-psi 


? Suppressed 


‘iu ideole 


rT 
ignition Source 0 10 203040 


Time -milliseconds 





/ 
(" 








Detector 





BASIC SUPPRESSION SYSTEM includes detector to sense the incipient 
explosion and a suppressing agent that is dispersed « xplosively. The agent 

water or bromochloromethane—extinguishes the explosion flame by chemical 
action and cooling, and also inerts the unburned explosive mixture. The graph 


hows the comparison between a normal explosion curve and a suppressed one 
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fter following the lead of the 
imports with compact 
Volkswager 


onarp competitior 


is now after the 
type market 
vith Volkswagen is forecast by F 
(top) and Chevrolet (bottom) 
hei new short-wheell 
har gre ible vehicles 
station wagon. ‘Econoline’ 
168. l z ith a 90-in 


It c: arry 2 tlt passen 


wheelbase and car 

arr} passengers depending or 
nodel—shown is a 6-passenger sta 
tion wagon. Rated payload is 1600 1} 
Forefather of both is tl Volkswag:r 
. ats 5 to 9 passen 
depending on arrangement. Ove 
length is 168.9 in., road clearance 
Rat ayload ranges to 1800 


pending 





Sealed Basic Switch. Type “Z” 
sealed switches have an elastomer boot 
around the plunger actuator and a cement 
seal around the cover, preventing mois- 
ture and foreign matter from entering 
the switching chamber. They are rated at 
15 amperes, 125, 250, or 480 vac. Seven 
different actuator designs are available to 
accommodate various operating methods 


Write for Catalog 62 


New 25-Ampere Switch. New “E 
Series basic switches are UL listed for 25- 
ampere service at 125/250 vac. Ability to 
handle 75-ampere inrush currents makes 
them especially useful with solenoids, 
motors and heaters. Available in eight 
different actuator designs and four termi- 
nal types. Write for new Data Sheet 181. 


SWITCH 
FROM 


New Adjustable “Differential Travel’ Switch. A turn 
of the dial on this “10BS” Series switch varies its differential travel 
characteristic between 0.0025 and 0.007 inch. Designed for use as the 
precision switching element in sensitive control applications, it permits 
fine adjustment of the control's on-off cycling characteristics. Typical 
applications include pressure controls and blower fan controls. Contact 


arrangement ts single-pole double-throw. Write for new Data Sheet | 
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H MICRO SWITCH Precision Switches 


Neca 


SWITCH 


basic switch designs for precise, reliable control 


Machine Tool Basic Switch. 
designed for use with limit, sequence 
machine tools, presses and other 
pole two-circuit double-break cont: 
variety of wiring combinations 
gang-mounting, while its unique 
the need for insulating barriers. M« 


10,000,000 operations at full overtr 


New High Sensitivity 
Subminiature Switch. 
This “SM400” Series switch 
has a differential movement of 
only 0.001 inch max., without 
sacrifice of electrical rating or 
performance. An ideal switch 
ing element for pressure and 
temperature controls and other 
devices where ultimate control 
sensitivity or response is Man- 
datory. It is also ideal where 
only a minute motion is avail 
able, or very low energy differ 
ential is a requirement. Rating 
is 5 amperes at 125/250 vac 
Write for Data Sheet 180 


Prompt engineering help on switch problems is read 
ily available by simply calling the nearby MICRO 
SWITCH Branch Office listed in the Yellow Pages 


MICRO SWITCH FREEPORT 
Ad 5 t Hone 


Double-Pole Double-Throw Switch. “DT” Series 


Nn 
switches simultaneously make and break two independent cir | Honeywell 
cuits, providing a normally open and a normally closed contact | 
with each pole for several different wiring combinations. Seven 


iosegral actuator versions are available. Write tor Catalon 62 [owt | MICRO SWITCH Precision Switches 
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POINTS OF VIEW 


THE QUESTION: 


Who Should Own the Rights to Commercial 
Products Developed at Government Expense? 


For our federal government to ‘own’ a manufac- 
turing right... 


l imply that t 
intends to mamt 
ind vend the de 

te onte! 

privile red 

Pursuit 

vould 

govern 

ompetition with 

ind vould 

ntrol of 
commer 

member of 

Senate Select Com 
on Small Bu iIness 
We think 

he pe that 
th 
ntitled to 

t actually pavs for 

iothing more and 

ng less.” Wi y 

heartedly, but what 

ur government 

vant lo answer 
must know the 
vernment 
In the 

( is to equip our nation's defens¢ 

the most modern and effective equipment possibl 


secking hardwar 


lopm 
xisting 
| hard . 
In each instance larawart 


veapon, not an ex manufacture 


the traditional nght of private enterpris¢ 


onclude that we innot visualize how 


hip of a patent vould serve t promote our sys 


enterpris¢ Indeed we must conclude it would 


the reverse 
—ROBERT B LENT 
Vice-president Riggs Nucleonics 


Chairman: Gov't Relations Committee 
Strategic Industries Assn 





“It is in the interest of both... 

th £ rmment and th I 
I d and evel 

re sured 


p with 


lopment 


rmally 


long before the contract was re 


ownership of developm 
ind 


wrong for the 

inv right its ¢ This, however, i 
tandard pro rent practice the governm« »>tain 
| to all inventions mad 1 the 
under the contract In dition, the 
equired to furnish detailed techm report during 
rk Thi pplemented by data 


in th form of engineermg and manufacturing drawing With 


normally su 


these rights and data, the government can seek alternative or 


—4 


additional sources of supply at its discretion 
rt 


—J W BIRKENSTOCK 
Vice-president - Commercial Development 
IBM 
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“During 1959, $8 billion of a total of $13 billion. . . 
or 60%, of research and 
velopment performed Ihis makes it | ible fo ivate concerns fav 


ndustry was financed rmment-financed contracts to prevent others from 


the federal government the same goods and, of cx ce, greatly increases 


through research ind the products to the consum« In addition, sin 
development contracts 


ind development contracts are given to a 
With the numerous ad 


the country’s largest mpan mall-businessmen 


antages accruing to the from entering many n Ids opened through 


* a government spons red inventions and di 


yntract ost Finally, the government-g 


plus-fixed-fe ontracts, as down our economic and sciel 


ured markets, and consid- ; the dissemination of new technical and 


rable know-how, which is Scientists and engineers working under a 


iccumulated at govern > ; for a private company, knowing that their 


ment xpens ind gives 


patentable to their ym pan xch 
+} 


1¢ contractor tremendous xccomplishments with entists and 
idvantag« ver potential em Iherefore, I ha ntroduced 
ompetitor seems in- stablish 


mceivabl 


a uniform policy r all federal 


equire government retentio f all 
yermitted produ t developed r p mpan 
ontracts 
—Hon RUSSELL B LONG 

Select Committee on Smal! Business 

US Senate 





“Our clients hi 


eatc n rod 


re us. 


There's only one way to look at it . 


ill d 1Op 1 prod 


Indeed 


ind ind hen 


spec led | rich Dy h Api i 1cW products through 

mom 

—BERJ HAGOPIAN najor program , niv t federal Dect 
President : te sce — . : 
Transva! Electronics Corp 
El Segundo, Calif 


eased busin | TE 1 ps meet the bills f 


in added potential. Som 
use, can be adapted 


national agent ha 


made availal tt 
benehts 
—Lt Gen JAMES M GAVIN, USA (Ret) 
President 
Arthur D Little Inc 
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3M Makes Microfilm 
So Easy to Use 


Industry-Proved 3M Microfilm Products 
Compatible with New Government 
Specifications, Speed Industrial Paperwork 


In April, 1960, the trend to miniaturization 
and automation of engineering and related data 
leaped ahead with the release by the Depart- 
ment of Defense of the standards and specifi- 
cations for its new Engineering Data Micro- 
Reproduction System. 

Based upon, and compatible with, microfilm 
systems now being used by industry to speed 
industrial paperwork, the new requirements 
standardize the preparation and use of film, 
aperture cards, and eventually, equipment. 

If you are now using microfilm for your en- 
gineering drawings and records, more than likely 
you will simply integrate the new requirements 
into your present system. 

If you have held off instituting a microfilm 
program pending more information about the 


specifications, you will want your organization 





igrererys 
i rT eee 
& ts Fag basa waTY kacgal bey 

a : ee RT 


w& bev Zita) Bl nA A! Yt Lacpal be Sie 
. ‘ ss J 


, +f l rll Pig. 
wR dete sees tt 

nf perm agree a aarprzareep eral = 
it PEPER EEE PEE te Tite 1) Piet) 





‘ MOM adecaderceadecceadeaiincses 
| SHH Hoses sewers epeppsses 


Hep eeeee sa eeseeereemenenpepe sent 


WHY eee vieverereree DARE A) Ree 
Pponehfontent tte 
bo dkddeee do dds tet 3 





LLLLLLIALAALL Ahhh 

















to familiarize itself with the new procedures 
right away. It’s to your advantage because 
these new standards open broad avenues for 
control of industrial paperwork problems. 

In any case, you can depend on 3M’s indus- 
try-proved products to make microfilm so easy 
to use. Designed to meet military requirements, 
these 3M products raise marketing and produc- 
tion efficiency, and lower overhead. 

FILMSORT Aperture Cards and ‘“Dupli- 
card’’ Copy Cards, long used by Government 
and industry, are designed to meet the specifi- 
cations and standards for the Engineering Data 
Micro-Reproduction System. They standardize 
drawings and records. They consolidate per- 
tinent data. They shrink file space. They speed 
retrieval of information. They simplify dis- 
persal of needed facts. And now, to speed your 
use of FILMSORT Aperture Cards, 3M sup- 
plies both the printed card and the aperture. 
You save on shipping costs. You get your 
cards faster. 

FILMSORT Microfilm Copiers, Mounters, 
and Readers are designed exclusively for FILM - 
SORT Aperture Cards. They are engineered to 
make your micro-reproduction system practical. 


THERMO-FAX ‘Filmac 200’ Reader- 
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Printers combine the advantages of a reader multiple points-of-use, the “‘Filmac 200”’ Reader- 
and a printer in a single low cost unit. You can Printer will fit into your microfilm system per- 


refer to the enlarged drawing on the huge view-_ fectly. There’s a new ‘“Filmac 100’’ Reader- 


ing screen. When you want a print, just touch Printer, too, that delivers 8'4 by 11 inch copies 


the button and in seconds you will have a_ in seconds. 
clean, work-size copy—18 by 24 inches or For complete information on how 3M makes 
18 by 12 inches. With a THERMO-FAX microfilm so easy to use and details about the 
‘“‘Filmac’”’ Reader-Printer you can take more new Department of Defense microfilm stand- 


than a look—you can take a copy. Located at ards and specifications, mail the coupon today. 


Modern Microfilm Products from 3M... 


THERMO-FAX 


ILMSORT THERMO-FAX 
200" Reader-Printer 


Ur Aone pie nac 100" Reader-Printe or 80" Reader sss Optical 
My 
3M.) Minnesota Mining and Manufacturing Company 
bed Dept. FBN-10100 St. Paul 6, Minnesot 
Please rush me plete for at ; it 33MM 
MICROFILM eee stercen eaten rs 
and standards 
PRODUCTS ne 
TMisnesora (ining ano 
TVPANUFACTURING COMPANY 


WHERE RESEARCH IS THE KEY TO TOMORROW 
ST. PAUL 6, MINN. 
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WALDRON 
High 
Misalignment 
Series “’X* 





COUPLING] H.P. PER 
SIZE 100 R.P.M. A 


MAX. BORE| MAX. BORE 
RIGID HUB | GEAR HUB 





VAX 314 1% 


3% 2 





2x 12 24 


4". | 2% | 2% 2'4 





2'Ax 26 2% 


5%\6 3% 2% 2% 





3X 50 3% 


6''Ar2 | 44 3'4 Vie 3'4 








3'Ax 86 4 


7% 5 3% ie 3% 





B’A2 | 5% 4\4, , 4h 





= 
4x 130 a, | 
4'Ax 210 “ 1 











6 6'h 4% 2 4% 























The Series X coupling is specifically de- 
signed for transmission of power in ap- 
plications where shaft misalignment is 
too great to be handled by a standard 
gear coupling. 

Each coupling assembly has two rigid 
hubs, mounted on drive shaft and driven 
shaft, each connected to a one piece 
sleeve by a spline used for driving pur- 
poses only. This spline extends only a 
portion of the hub length, and the re- 
maining length of the hub is a turned 
surface which fits snugly into the counter- 
bore in the sleeve to provide a suitable 
bearing surface. These two sleeves are 
connected by a floating shaft on both 
ends of which are mounted flexible hubs 


Write for Catalog 


with gear teeth of unique design which 
permits misalignment up to 5 

Series X couplings are easy to dis- 
mantle and reassemble. By backing off 
the set screws, the sleeves can be disen- 
gaged from the rigid and flexible hubs 
Specially designed seals and steel pro- 
tecting rings are held in place in the 
sleeves with Spirolox rings. End portions 
of the gear hubs are tapered for easy 
reentry of the seal in reassembly. 

All load carrying parts are machined 
from high strength alloy steel. Floating 
shafts to customer specifications have 
nylon plugs inserted in each end to limit 
axial float and to prevent damage to 
the lathe centers of the roll shafts. 


WALDRON-HARTIG DIVISION 


WALDRON 


Mi: 
os ” 


~— 


28 


MIDLAND-ROSS CORPORATION 
BOX 791, NEW BRUNSWICK, N. J. 
SALES REPRESENTATIVES FROM COAST TO COAST 
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READER TO EDITOR | 





Early Twin-worm Gear 


To the Editor: 
Til article about twu 
publishe in your issue 
p 39, we think it useful to 


ittention to the following: 


to your 
} 


than 10 years ago we u l 

other purposes Here 

rst demonstration mod 
model, ymbine 


} 


by you, th 


etl 


is ‘Winterization’ Torturous? 


Lroyp A GERLA 
1 Industrial Products I 
Menomonee Falls, \\ 


Start Design Training Earlier 
Editor 


pleasantly 
il in the Jun 
loo Many ‘I 
that some deans of e1 
minded instituty 
iding o 

| pace, electroni 
but the great bulk of 

ngineering al 


1] 


pecia 
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th lea expressed in yout 


of getting design problems lown he from _ 
ophomore or even freshman year he [af 


nly other institution that 


( if j . : 
that loing work along this lir ™ 

‘; a 
Institute ef Technology in levela “a o 
vhere Dean Karl McEachron rly of ai } 
reneTa { 


Electric Co. Education part ain 
has told me that Cas ( 
nent with a design cour t tl ee o(* r 


called Grinter 
the ASEE abou 
expressed that 
veen those 
ring sciem 
of th 
n the 
ngineemg groupings 
me evidence ia Pe I 
ome reaction to th 
ence the 
tutions certain] 
eating im recent 
the type just re 
pra ticing engines 
f thece tr nd 
Gienn R Frys 
Edite 


Combustion Engneerit 


I 


COMING EVENTS 
OCTOBER 
10-14 . 


to MIGHTY CRAWLERS 


Both are driven by Rockford Spring-Loaded Clut« 


These versatile power-links drive 


ngineer ternation: of all types and sizes. Torque load 
High-speed Photograpl 


from 50 to 2.530 ft. Ibs.' Size 
k Hotel, Washington 
from the compact 6” clutch t 
American Societ I 
neers jointly wit powerful 16” double plate unit 
thricatror -" f a0 . . 
orication Con Positive, full-motion driving 
power with smooth starts and 
American Societ ‘ tal 
Metal E xposition 


controllability is yours with 
Convention Cent 


Rockford Clutches. Write today 
for illustrated brochure 
19-21 Society for m™ 


Stress Analysis, Mechanism 
lear Age, Univ of Calif 


20-21 Armour Researcl 
tion, National Conf on Industria 


— oes Seen = St ROCKFORD CLUTCHES 
23-26 American Gear Manuf | ] 


SPRING-LOAI 
ROCKFORD Cl 


ractur 


ROCKFORD CLUTCH DIVISION 
\ Annual Meetiny Edgewater 
Hotel, Chicag« 


BORG-WARNER 


American Society of Indu 

gners, Annual Conference, Edge 
seach Hotel, Chicag: CIRCLE 29 ON READER SERVICE CARD 
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‘Not one failure in 10 years 
with (iss) American springs’ 


Mr. Lee Dunn, Sales Manager of Walter Balfour & Co., 
Inc., tells why American Steel & Wire Springs are used 


in Balfour Doc-Port Rolling Steel Pier doors. 


“The springs in our doors have to be exceptionally tough and de 
pendable,” says Mr. Dunn. “The performance of the doors is 
dependent upon the quality of the springs. The springs must act 
uniformly over their entire length because the doors must be per 
fectly counter-balanced at every point of travel. Springs of the 
same wire diameter and coil diameter must have identical charac 
teristics. In the ten years we’ve been using American Steel & Wire 
springs, we’ve never experienced a failure 

“Most of the USS American springs used by the Balfour Com 
pany are made from %%" cold wound wire. In the larger steel pier 
doors there are actually are of our helical torsion spring 
sizes... %”, %", 4”, and '”. Springs are nested one within 
another, each spring tel on shaped cast anchors which are 
fixed to a single torsion rod, so that the springs are equally and 
simultaneously loaded.” 

When springs are your special problem, come to American Steel 
& Wire. Our Spring Engineering Service has a solid reputation for 
coming up with the right answer at the right time. They’ll be glad 
to pitch in on your problem. Give us a call today, or write Ameri 

can Steel & Wire, Dept. 0403, 614 Superior Avenue, N.W., Cleve 

land 13, Ohio. USS and American are registered trademarks 


Cold wound springs in Bal 

four doors are placed inside 

steel cylinders and fixed on “~ ' 

each end to anchors that # 

prevent internal collapsing of uw» 
EM at | 

the springs at contact points. ‘ 
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Balfour doors are exposed to heavy wind loads and salt water spray, but they can take it—and so can the USS American springs 
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3000 Ibs. ride on each USS American spring 
assembly every time these big 18’ x 24’ Balfour 
Pier doors open and close. It takes rugged 
long-lasting springs to stand up under this 


kind of punishment 


American Steel & Wire 
Division of 
United States Steel 


(+44 





For Your INFORMATION (persona!) 





Then her wrist lights up 


I he manufacturer dangles 


these products with a proud 
claim: “‘the world’s first and , 
only electronic 


jewelry IY, 
They're charms, by Marchal 


or a wrist bracelet. ‘Though 
different in appearance, each 
pendant boasts two uniqu 
components: the world’s small 


est commercial light bulb, th 
Sylvania Mite-T-Lite PI 
July 18, p 57); and one of the 
a world’s smallest long-life bat 
Corrosion and teries, the Mallory 400 (PI 
Abrasion Resistant May 12 ’58, p 72). Besid 


Coors Ceramics the danglers pictured her 

Provide Long, Marchal’s initial line includes 
Maintenance-Free 1 globe and a Santa coming down the chimney. Also available: a gold kev that 
Service Life carries its own light and battery. Prices range from $39 to $90. The ke $45 


solid gold. of cé se 
Mechanical shaft seal rings of oe We Coen 


Coors Alumina Ceramics give ex- 
tended service life under severe Workshop tips from the Navy 
operating conditions 
The extreme hardness and lo help its own personnel, Navy's Bureau of Ships has long been collecting an 
toughness of Coors Alumina Cer- publishing, in its own Journal, helpful hints for machine shop and maintenance 
amics provide maximum resistance work. The “tips” include procedures for reconditioning engine parts, and nev 
to abrasion. — splicing and fastening systems. The Journal itself is available from the Govern 
In corrosive applications, seal ment Printing Office (20¢ a copy; $1.75 a year); but each issue, of 
faces will not pit or corrode, be- 
cause Coors Alumina Ceramics are 
inert to almost all fluids 
Mechanical shaft seal units 
with Coors Alumina Ceramic parts 
are a\ 2 > 4 og S@a . . . 
re available only through seal Seeing stars in red, white, and blue 
manufacturers. For materials ap- 
plication we stand ready to work You could buy blue stars, man-made for jewel! just as crystals f 
with you in utilizing the unique ind other electronic devices are mad Red star ff 100 carat ro Lu 
properties of Coors Alumina 14-in. ovals were also on the market. (PE—Dec 14 °59, p 54). But not white 
Ceramics — prototype or produc- 
tion runs 


contains only a few such tips. Now they're being gathered into a seri 
booklets, to appear semi-annually. The first, a 24-page publication (PB 16] 
is now available from OTS, Washington 25, DC (price 50¢ 


ones. Man-made white star sapphires just weren't iwailable. ‘They are now 
though—pure milk-white stars that look like opals. Linde Co is making them as 
REGIONAL SALES MANAGERS the latest addition to its star line. And, says Linde, “‘they match the trend t 


é William S. Smith, Jr lighter decorations,” and cost barel much as natural stone 
EM 6-8129—Redwood City, Calif 
John E. Marozeck 
FR 2-7100—Chicago, Il 
Donald Dobbins Nylon hardware for noiseless entry 
GL 4-9638—Canton, Ohio 
John J. McManus , 
MA 7-3996 (teeny N. ¥ \ lockset that should operate ever 
Warren G. McDonald } + 7 , » of 
it 33063 dence he’ etter in the 21st century than 
Kenneth R. Lundy does in the 20th is be ing pl iced on 
DA 7-5716—Dallas, Texas 
William H. Ramsey the market by Lockwood Hardwax 

IN 4.6369 . Tens ' 

l 6369— Houston, Texas Mfg Co Al] major internal part 
are of nylon, and DuPont, which 
supplies the material, says proudh 

Tests showed that after 


lion cycles—equivalent to at 


1 


80 years of use—the unlubricated 
locksets operated even mor 
smoothly than when new (he design features mating chassis sleeves to pre 
vent misassembly (see photo) and a self-aligning latch case. Cam and bolt are 
ilso nvlon; but knobs will be metal, with a variety of finishes ARG 
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New lockset 
designed 


with ZYTEL 


offers 


one of Du Pont's versati/e 
engineering materia/s 


easy installation..lifetime service..economical production 


This is the first plastic lockset ever 
commercially available—and it took a 
material with remarkable properties to 
make it: a material that is exceptionally 
tough and abrasion-resistant; a ma- 
teria! with friction so low as to make 
lubrication unnecessary ;a material that 
is rust- and corrosion-proof; a material 
that can be economically molded to 
close tolerances in large quantities, and 
one that requires little or no finishing. 

In short, it took Du Pont ZYTEL 
nylon resin. 

In this radical design innovation, al- 
most all working parts except the knobs 
are molded of tough Du Pont ZyYTEL. 
Installation of the lockset is made fool- 
proof; round and square sleeves mate 
with round and square posts. The entire 
set is held by two lead-through bolts 
that drive directly into tap holes in the 


chassis sleeves. And a self-aligning latch 
case lets the installer swivel the latch 
to the right or left of the central lock 
assembly to compensate for bevel-edged 
doors or for improper boring. In action, 
the bolts of ZYTEL were tested up to 
1,500,000 cycles—equivalent to more 
than 100 years of normal household use 
— before showing any perceptible wear. 
And the lockset functions smoothly 
and quietly without lubrication. The 
Lockwood Hardware Manufacturing 
Company of Fitchburg, Mass., reports 
that the parts of ZYTEL are economi- 
cally mass-produced, need virtually no 
finishing operations. 

On the following page, you will find 
further illustrations of the design im- 
provements and cost reductions made 
possible by the complete line of ZYTEL 
nylon resins. 





This “anti-gurgie” device is used by a 
major automobile manufacturer in cool- 
ing systems with hot-water heaters, to 
eliminate air bubbles and noisy heaters 
Molded of a special ZYTEL nylon resin 
specifically designed for hot-water serv- 
ice, it costs only 25% of previously used 
copper part. (Molded by Kuhlman Plas- 
tics, Kansas City, Mo.) 


Complex end-turn insulator molded of 
ZYTEL is used to simplify assembly and 
improve performance of fractional-horse- 
power motors. ZYTEL provides the neces- 
sary molding characteristics, good elec- 
trical properties, heat resistance and high 
strength in thin sections. (Molded by 
Carpart Plastics, Inc., for Redmond Co., 
Inc., both of Owosso, Mich.) 


Doing it better at lower cost: 
3 more examples of ZYTEL’ in action 


The versatility of ZYTEL nylon resins stems directly from an un- 


usual 


union of mechanical, chemical, electrical and processing 


properties. Some combination of these properties may well pro- 
vide a solution to a design problem of yours. Find out more about 
the performance and cost advantages made possible by ZYTEL— 
simply fill out and mail the coupon below. 


“ ees 


I. du Pont de Nemours & Co. (Inc.), Dept. C-1234 e'e.0.elele 


toom 2507Z, Nemours Building, Wilmington 98, Delaware 
I am interested in evaluating Zyre. for the following use: 








Position 








=n Zone 


State 





In Canada: Du Pont 


of Canada Limited, P. O. Box 660, Montreal, Quebec. 


y ie ee 


Alathon 


one of Du Pont’s versatile 
engineering materials 


Feeding-finger pads for screw-machine 
stock are economically molded of tough, 
abrasion-resistant and resilient ZYTEL. 
According to the manufacturer, they are 
the best pads yet developed for feeding 
soft materials... and for centerless stock, 
where freedom from marking is impor- 
tant. (By T and M Engineering, Inc., of 
Valparaiso, Indiana, for Brown & Sharpe 
Mfg. Co. of Providence, R. I.) 


POLYCHEMICALS DEPARTMENT 


At6.u.5 pat off 
FOR BETTER 
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Henry Dreyfuss: man in a hurry 





Dreyfuss talks design 


If you could get Henry Dreyfuss to sit still long enough for a caricature, the drawing would inevitably show 
him with his coat half on and briefcase in hand. Most likely, he would be on his way to the airport. He’s on 
the East Coast a third of his time, on the West Coast a third, and the other third in between. 

Henry Dreyfuss has been busy ever since he gave up scenery design in the late Twenties and helped pioneer 
the business that is now called industrial design. In the early days, he gave a new look to everything from 
hinges to pianos, cigarette lighters to tractors. Today he can look back on a career of redesigning vacuum 
cleaners and gas stations, bowling alleys and ship interiors, typewriters and dental equipment, magazine formats 
and military strategy rooms, plumbing fixtures and the Nike missile launcher. 

But Henry Dreyfuss is not one to look back. There are designs on his boards today that will influence our 
lives twenty years from now. ““Time,”’ he says, “is one of the designer’s big problems. A design assignment is 
often three years in development. The item may not be on the market for another three to ten years. After it’s 
introduced it will be in use for any number of years. In order to design that far ahead, our ideas have to be 
fresh, advanced and sprightly. It is a challenge to have to think as far ahead as we do.” 

One thing that goes a long way is the Henry Dreyfuss design credo, and it is all about people. “It says in 
effect,” Dreyfuss states, “that the item is going to be ridden in, sat on, looked at, talked into, operated or in 
some way used by people. If the point of contact between the product and people causes friction, we have failed. 


“On the other hand, if people are made safer, more comfortable, more eager to purchase, more efficient, or 


PRODUCT ENGINEERING + OCTOBER 10, 1960 





just plain happier—we have succeeded.”’ And succeed Dreyfuss does, by following this yardstick for effective 


industrial design: 1. Safety and convenience of use. 2. Ease of maintenance. 3. Cost, including tooling, pro- 
duction and distribution. 4. Sales appeal. 5. Appearance. 

Selection of the right material for the job plays an important role in satisfying each of the five requirements. 
As a matter of ethics and sheer common sense, Henry Dreyfuss, like any member of the American Society of 
Industrial Designers, will not endorse any one material. ““We have worked with all materials. What we want 
is the material that is right for the job. We look for the material that combines reasonable cost with the ability 
to be fabricated economically, and at the same time will give the product the built-in quality and durability 
it needs to sell well.’’ With no-nonsense requirements like that, it is not surprising that a great many Dreyfuss- 
designed products use steel in one way or another. 

Steel has strength, integrity and honesty. Steel is what the designer is apt to call a ‘natural.’ Dreyfuss feels 
that the public’s image of steel depends largely on the product itself. A massive steel vault door conjures up 
an image of strength, imperviousness. Stainless Steel tableware suggests style and modernity. Steel curtain 
wall panels give buildings the look of tomorrow. 

The moral is this: steel has been with us for ages, yet it is the modern metal, the metal of the future. Its 


enduring modernity will continue to be recognized, and used, by designers like Henry Dreyfuss. 
turn the page for a new look at steel) 


United States Steel 


TRAGEMARK 
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COR-TEN Steel was developed by 
U.S. Steel and first used in 1933. 


Dead weight in stationary 


structures is costly; in mobile 


equipment dead weight requires 
more power to move. 


USS High Strength Steels’ yield 
points are all 50,000 psi min. 


compared to 33,000 psi for 


structural carbon steel. 


Send for the manual described 
at the right for a comprehensive 
guide on how to design with 
high strength steels. 


MAN-TEN Steel costs only about 
% more than structural carbon steel ; 
TRI-TEN Steel about 36% more, 

and COR-TEN Steel 42% more. 





designing with (iss) High Strength Steels 


Good design goes beyond material selection. Once the choice has been 
made, the designer’s job is to take full advantage of the material’s 
properties. Few materials offer designers as much opportunity as 
high strength steels. 


USS Cor-TEnN Steel is a name that has become a byword in design 
circles. It is a time-tested, high strength low-alloy steel. Structural 
designers welcomed Cor-TEN Steel because it allowed them to pare 
dead weight and to lower maintenance costs. As structures, mobile 
equipment and machinery got bigger and bigger, dead weight became 
more of a problem. Even when weight could be shaved without stress 
problems, durability suffered. This high strength steel answered both 
problems. 


Strength did it. Cor-TEN brand and other USS High Strength Steels 
have a 50% higher yield point than structural carbon steel. They 
permit as much as 33% weight reduction. They have superior resistance 
to atmospheric corrosion and abrasion, so there is little reason to over- 
design. Their fatigue and impact properties are excellent. Here is a 
quick look at three well-known USS High Strength Steels: 


USS Cor-TEn Steel has a yield point 50% greater than structural 
carbon steel, has four to six times its resistance to atmospheric corro- 
sion. It is used to do any one of these three things: 1) in slimmer 
sections to cut weight at no strength loss; 2) in equal sections to increase 
load-carrying capacity, cut maintenance and lengthen life; and 3) any 
number of combinations of 1 and 2. Cor-TEN Steel also has greatly 
superior paint adherence and is used where a longer interval between 
repainting is wanted. 


USS Tri-TEN Steel, with its 50% higher yield point than structural 
carbon steel, has superior notch toughness at low temperatures and 
keeps rugged equipment operating even in sub-zero weather. Its high 
endurance limit makes Tr1-TEN Steel ideal for mobile equipment that 
must take repeated loading and reversals of stress. It is a natural for 
welded structures and bridges. 


USS Man-TEN Steel also has a 50% higher yield point than structural 
carbon steel, and is the low-cost member of the family. Weight reduc- 
tion as little as 17% with MAN-TEN Steel will save money on material 
cost alone. MAN-TEN Steel is a tough, durable steel and widely used in 
earthmoving equipment, truck frames, material handling apparatus 
and riveted bridges. 


High strength steels represent but a few of the over 3000 grades 
of steel in existence today. United States Steel makes a com- 
plete line of high strength steels, as well as constructional alloy, 
stainless and carbon steels. Bring your design problems to us. 


United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
USS, COR-TEN, MAN-TEN and TRI-TEN are registered trademarks 


(ss) United States Steel 
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Here's a book that is in the hands of 
thousands of engineers and designers. 
Itis your guide to the design of lighter, 


stronger equipment and structures. 


design manual for 
high strength steels 


Cranes have to operate in ail- 
weather temperatures and are 
subject to stress and shock. 
That's why many of them are 
made of tough TRI-TEN Steel. 
TABLE OF CONTENTS 
Preface 
List of Symbols 
Light standards stay good looking for High Strength Steels 
years because of COR-TEN Steel's Engineering Considerations 
outstanding atmospheric corrosion Fundamental Characteristics 
resistance. Paint life is extended. Tensile Strength 
Slim design is made possible by oe — s 
R-TEN ’ 4 atigue Resistance 
co Steel's strength etsh Tensinsee 
= Abrasion Resistance 
Corrosion Resistance 


’ Formability 
Sy Amenability to Welding 
ef ee “ —-, ie 
ay ye , ey Ty 7 conomics of Application of High Strength Steels 
Lin Winn OA E i 
wae he ——_- 


USS High Strength Steels 


Design Considerations for High Strength Steels 
Working Unit Stresses 
Tension 

—— 4 Compression 

Axially Loaded Columns 

Eccentrically Loaded Columns 

Flat Plates in Edge Compression 

Interaction of Flat Plate Elements 

Effective Width of Fiat Plates 

Stiffened Fiat Plates 


TRI-TEN Steel has cut weight and cost of dozens 
of major bridges. In the bridge shown here, 
TRI-TEN Steel saved a quarter of a million dollars. 


Shear 

Rivets 

Flat Plates in Shear 
Stresses in Beams 


Local Buckling of Compression Flanges 
Lateral Buckling of Beams 
Web Buckling 
Web Buckling Due to Compression 
Web Buckling Due to Shear 
Combined Compression and Transverse Loads 


Deformation and Deflection 
Beam Formulas 


Formed Sections 


7 Designing Against Corrosion 
One of the first applications MAN-TEN Steel, used in 


of COR-TEN Steel was in 
hopper cars for weight re- 
duction and longer life. To- 


truck frames and body mem- 
bers, reduces dead weight 
and increases payload. 


Appendix 


Beam Formulas 
Characteristics of USS High Strength Steels 


day, use of COR-TEN Stee! Bibliography 
can save hundreds of dollars 
over the life of a car. 


United States Steel 
Room 6151 

525 William Penn Place 
Pittsburgh 30, Pa 


Please send me “Design Manual for High Strength Steels” 
Name 


Title 


The LPG cylinder business uses considerable 
amounts of MAN-TEN Steel because of its Company 
strength, cost and ease of fabrication to lighten 


the weight. Address 


This mark tells you a product is 
made of modern, dependable Steel. City 





iciency? 


THEN HERE IT IS...FROM PHILADELPHIA 


Here’s new high efficiency in heavy duty worm gear drives gears, heavy duty housings, precision ground helical gearing 
that has never been available before. Helical attachments ...all add up to higher capacity in less space. In many 
for double and triple reduction units combine the efficiency instances you can save up to 50% in space, 40% in weight 
advantage of helical gearing with the high ratio advantage 
of worm gearing. You save on power... operating tem- 
peratures are lower... gearing lasts longer. 


Delivery from stock of any drive arrangement and any 
mounting arrangement. Ratios from 5%:1 to 6150:1. Center 
distances: 3 in. to 21 in. Torque control attachments are 
New high capacity, too. Improved tooth forms, precision also available from stock. For complete data, write for 
ground alloy steel worms, special high strength bronze catalog WG-60. 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


King of Prussia, (Suburban Philadelphia) Pennsylvania 
Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS * LIMITORQUE VALVE CONTROLS © FLUID MIXERS © FLEXIBLE COUPLINGS 
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Houdaille Houdaille, the world’s foremost manufacturer of rotary type hydraulic equip 


ment, now introduces a compact and powerful hydraulic rotary actuator for 


industrial use. Called HydRoAc, the Houdaille unit is designed to be used in a 


annou nces a new tremendous variety of applications ranging from turret lathes to farm machi 


ery —from dump trucks to printing presses. 


HYD RAU i i . The superiority of Houdaille HydRoAc units is indicated by these specifications 
for standard units now available. 


e Efficiency to 95% or over. e Low starting (friction) torque 


t Y T > re 500 : , 
RO A ay o Torque range from } ~ e@ Can be foot, end or flange mounted 


702,000 inch pounds @ 3000 p.s.i. 
e Highly responsive for servo system use. 


e Angular travel up to 280 
AC i UA y O bk e Operating pressure range from e Bearings, splines and other 


250 to 3000 p.s.i. requirements to suit your needs. 


for commercial applications Special units and other configurations available on custom orders. 


Send in this coupon for more information on Houdaille's HydRoAc 


Piease check potential use... 





Turning Lifting Name Address 


Locking Tilting 
Indexing Driving City 


| Steering Counter balancing 





Zone State 


Bending Controlling ‘ sa) 4 | j 

Clamping Valve operation ae ou ai e 

Adjusting Revolving a - 

Lowering Closing ..- Specialists in rotary ry re u S T r | i S ; ry Cc 
Opening Metering type hydraulic equipment 5s £EE 2 
Swinging Mixing 


Shifting Other Buffalo Hydraulics Division + Dept. C, 537 E. Delavan Ave., Buffalo 11, N. Y. 
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Who cares about your 
Wire Cloth Fabrications? 
CAMBRIDGE does .. . 


that’s why you automatically get service 
with your order . . . whether you need 
dozens of midget strainers or a single 
giant-sized retaining screen. 
Careful, competent workmanship and 
constant inspection assure you of quality 
modern machinery and accurate 
scheduling assure you of prompt delivery. 
And, a Cambridge Field Engineer follows 
up your order to make sure our product 
is giving you the best possible service. 
Let us quote on your next order for wire 
cloth fabrications. We manufacture wire 
cloth from any metal or alloy— including 
titanium—in nine basic weaves. We'll 
work from your prints or draw up prints 
for your approval. Call your Cambridge 
Field Engineer .. . he’s listed in the yellow 
pages under “‘Wire Cloth’’. Or, write for 
FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department P © Cambridge 10, Md 
Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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10 good reasons for choosing Dynamatic 
Eddy-Current Speed Control Equipment 


1 Adjustable speed from AC power 








2 Accurate speed control 





3 Wide speed range 





4 Rapid response 





5 Low power loss 





6 Simplified construction 





7 Remote control (when desired) 





8 Quiet, efficient operation 





9 Low maintenance cost 








10 No commutators, rings, 
brushes, or rotating coils 


Magnapower Heavy-Duty 
Liquid-Cooled Coupling 


Ub ing standard alternating current as a power source, Dynamatic 
Eddy-Current Couplings and Drives are the answer to practically 


all stepless adjustable speed requirements. 
A wide range of standard and special control features may be ee A 
obtained from electronic or transistorized magnetic amplifier con- 


trol systems. The addition of an eddy-current brake to standard 
couplings or drives provides smooth, cushioned stops and con- 
trolled deceleration. 
ee ® Me, 


Dynamatic Eddy-Current Equipment is available in sizes from '/, hp 

Ajusto-Spede Drives to heavy-duty Magnapower Couplings rated ORIGINATOR 

up to 20,000 hp—and larger. AND LEADING PRODUCER 
Place your speed control problems in the hands of experts. Our OF EDDY-CURRENT 
representatives, located in all principal cities, are fully qualified SPEED CONTROL 

to discuss your speed control problems and suggest Dynamatic EQUIPMENT 
Equipment that will do the best job for you. Call Dynamatic 

today—there is no obligation. 


May we Send You Illustrated Literature Describing Dynamatic Eddy-Current Equipment 


DYNAMATIC DIVISION 
roN MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE ¢ KENOSHA, WISCONSIN 
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N e W Alcoa Alloy 6262-T9*- 


another Alcoa first— 

THE FIRST 
NEW ALUMINUM 
~ SCREW MACHINE 
STOCK ALLOY screw machine 


IN 25 YEARS products industry 


*Patent applied for 


promises to become 


a standard in the 


a comparison of the characteristics of ALCOA SCREW 
MACHINE STOCK ALLOY 6262-T9 with other 
ALUMINUM SCREW MACHINE STOCK ALLOYS 


| 6061-T6 | 2017-T4 and | 2011-T3 
| 2024.4 


Strength | better better(1) better 


Machinability | better better (2) soa 


rrosion 
eel ; same better better 


ia | 
Cransetbtatics | same better | better 


(1) Based on Yield Strength 

(2) Depends on Method of Machining 

RELATIVE CHIP SIZE RATING 

2011-T3: 1.0 6262-T9: 1.4 2017-T4 and 2024-T4: 
2.0—3.0 6061-T6: 4.0 


Visit the Alcoa exhibit, Booth 1410, National Metals Exposition, Philadelphia, Pa., October 17-21, 1960. 
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ALCOA’S NEW ALLOY 6262-T9 IS EXPECTED 
TO REPLACE ALLOY 6061 ENTIRELY AND 
2017, 2024 IN MANY APPLICATIONS. 


DESIGN ADVANTAGES — Higher typical prop- 
erties (58,000 psi tensile strength, 55,000 
psi yield strength, 1C per cent elongation) 
than 2011, 2017, 2024 and 6061—better cor- 
rosion resistance and finishing characteris- 
tics than 2011, 2017 and 2024—not subject 
to stress corrosion cracking. 


ECONOMIC ADVANTAGES—Buyers can re- 
duce inventories—stock one or two alloys 
instead of four—streamline purchasing— 
order in larger quantities. 


PRODUCTION ADVANTAGES— Better machin- 
ability than 2017, 2024 and 6061. 


For complete information, specifications, 
delivery of the newest aluminum screw ma- 
chine stock alloy—Alcoa 6262-T9—call your 
nearest Alcoa sales office, or distributor, 
or write: Aluminum Company of America, 
841-K Alcoa Building, Pittsburgh 19, Pa. 
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HIGHER STRENGTH —6262 offers higher strength than alloys 
2011, 2017 and 2024. 


BETTER CORROSION RESISTANCE—6262 offers better cor- 
rosion resistance and finishing characteristics than alloys 
2011, 2017 and 2024. 


BETTER MACHINABILITY—6262 offers better machinability 
and higher strength than alloy 6061 . . . corrosion resistance 
and finishing characteristics comparable to 6061. 


Wartcor 





A SCREW MACHINE STOCK 
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AIR CONDITIONING POWER 


“Proven reliability of Inter- 
national engines has led to 
the universal acceptance of 
Ready-Power air condition- 
ing equipment.’ Report from 
Norb Hal, Manager, Air Con- 
ditioning, Ready-Power Co. 


‘MUNICIPAL POWER 


“We needed heavy-duty en- 
gines with superior sealing 
that would keep working 
under extremely dusty con- 
ditions” Report from R. 
Schmidt, Chief Engineer, 
Elgin Sweeper Co. 


HANDLING POWER 


“On-the-job reports prove 
that International power is 
an excellent choice!’ H. P 
Lockhart, Ass’t General Man- 
ager, Sales, Austin-Western 
Construction Equipment Div., 
Baldwin-Lima-Hamilton Corp. 


AUXILIARY POWER 


“Onan equipment is built for 
100 per cent dependability, 

. 80 we chose International en- 
gines when specs called for 
water-cooled power!’ Report 
from J. C. Hoiby, Vice Presi- 
dent, Engineering, D. W. 
Onan & Sons, Inc. 


MAINTENANCE POWER 


“We chose Internationa 
power because of the 
speed range and favorable 
torque-speed curve!’ Repo 
from J. Roberts, Chief Eng 
neer, Galion Iron Works & 
Manufacturing Co. 


UTILITY POWER 


“International engines help 
give all four models of our 
earth augers fast digging 
action, high speeds coming 
out of the hole, and clean 
throw-off! Report from H. B. 
Williams, President, Hugh B. 
Williams Manufacturing Co. 
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MARINE POWER 


"Our sales have increased 
over 500% since we began 
using International engine 
assemblies five years ago*’ 
Report from R. C. Bolling, 
President, Palmer Engine Co. 


CONSTRUCTION POWER 


“International diesel engines 
meet our standards for ef- 
ficiency, dependability and 
parts and service coverage’ 
Report from Guy Banister, 
Chief Technical Engineer, 
Barber-Greene Co. 


GROUND SUPPORT POWER 


“The wide range of power 
in the International line fits 
in with our plans to offer a 
wide selection of models‘’ 
Report from Roger Frantz, 
Design Engineer, Hobart— 
Motor Generator Corp. 


S GZ, 


LEADING ENGINEERS 


choose International Power 


for a wide variety of jobs! 


Efficient and dependable power is assured for 
products of leading engineers, who specify IH en- 
gines for a wide variety of applications. Design 
engineers serve many different industries, but they 
all have one common problem: to find the most 
practical, economical and efficient power for their 
products. If you have the responsibility for select- 
ing the power for your products it will pay you 
to check International engines because— 

FIRST, you have a wide selection of power from 
which to choose—35 engines from 16.8 to 385 max. 
hp—available in gasoline, LP gas, natural gas or 
diesel. 

SECOND, IH engines meet rigid requirements of 
economy and dependability. Millions of hours of 
continuous operation in all parts of the world have 
job-tested International power on every heavy- 
duty application. 


THIRD, your customers never have to wait for re- 
placement parts. International’s world-wide parts 
and service facilities back up your organization 
with fast assistance on power problems. 

Check the complete line of IH engines now, and 
discover the extra selling advantages International 
power adds to your product. Call or write to Inter- 
national Harvester Co., Engine Sales Dept., Con- 
struction Equipment Division, Melrose Park, III. 


m@ INTERNATIONAL 


international Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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Gasket engineering 


GASKET. GAUGE 
TORQUE RETENTION 


Gasket thickness is one of several factors affecting retention 
of initial torque loads. New study indicates significance of 


Relatively small changes in thickness 
can produce significant variations in 
the torque retention characteristics of 
a gasket. This is one of the conclusions 
of a general study of the torque reten- 
at the 
Research and Development Center 

Generally, 


accepted idea that for maxi- 


tion problem made Armstrong 
this work confirmed the 
widely 
mum torque retention it is desirable to 


minor variations in gauge. 


E. M. SMOLEY 


Research Physicist 
Armstrong Research and Development Center 


After 18 hours at 300° F., the thin- 
nest gasket (1/64” 
ceptionally low torque loss of only 
of 1% 

Increasing the thickness to 1/32 
to 39% The loss for 
of the in 


showed an Cx 
ly, 


the loss rose 
1/16” material was 68.5% 
itial torque load. 

It is estimated that bolts at least 5’ 


long would be required to wipe out 
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In this test, four gauges of one beater-saturated asbestos fiber gasket material were 
put in steel flanges, with bolts torqued to 20 pound feet. The assemblies were heated 
at 300° F. for 18 hours; retained torque was measured while flanges were hot 


use the thinnest gasket possible. But 
the magnitude of variation produced 
by chang« s in gauge was greater than 
previously estimated. 

One phase of the study is charted 
above. In this curve, torque is plotted 
along the vertical scale, and uncom- 
pressed gasket thickness is indicated 
along the horizontal scale. The initial 
bolt torque was 20 pound feet for 


each of the materials tested. 
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most of the torque loss on the 1/10” 
Actually, 


in all these determinations 


material 1” bolts were used 


Aside from mechanical advantages 
another reason for using thin gaskets 


that they cost less. And 


is, of course 
they also minimize extrusion, partic- 
ularly with straight rubber gaskets 

Armstrong engineers point out that 
there are factors that limit gauge re- 
duction beyond a certain point. One is 
that to provide a seal, gaskets must be 
compressed more than the cumulative 
deviation from perfect parallelism of 
the two flange surfaces 

For example, take a 1/32” gasket 
cut from a material normally capable 
of a 50% compression. If used where 
inaccuracies of the 


” leaks will 


alternatives are to use a 


the cumulative 
flanges are more than 1/64 
result. The 
thicker gasket or a more compressible 
material. 

Joint designs that permit bowing 
between flange bolts also work against 
the use of thin 


ternatives may provide 


gauges. The Same al- 
a solution in 
suc h cases 

Gasket thickness is only one of many 
factors in gasket engineering that are 
under study 
continuously at 
the Armstrong 
Research and 
Development feRSitay 
Center. Much DESIGN 
detailed infor- MANUAL 


mation on this work is contained in the 
Armstrong Gasket Manual. 
Write for your copy today. Address 
Industrial 
Lancaster, 


Design 


Armstrong Cork Company, 
Division, 7110 Irvin St., 
Pennsylvania. 


(Aymstrong GASKET MATERIALS 


1860-1960 Beginning our second century of progress 
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ACTUATOR 


IDEAS and 
EXPERIENCE! 


where in the world 
can you match 


DURA‘? 


Dura Actuators open and close > 
windows, doors, etc. 


Dura Actuators raise and lower 
head and foot sections of Dura 
Select-A-Rest adjustable bed. 


4 Dura Actuators raise and lower 
convertible tops, car windows, 
rear decks, etc. 


Dura Actuators operate marine 
clutch and transmission 
mechanisms, power steering, 
and can tilt and lower large 
outboards. 


DURA 


CORPORATION 


Those “magic muscles” for opening, closing, 
lifting, lowering, pushing, pulling, turning, 
starting, stopping things—the team at Dura 
has more experience in them than any other 
team in the country, maybe in the world. 


AND ideas. Experience begets ideas, good 
ideas, ones that work—and save your money. 


For instance, millions of fingers press but- 
tons in automobiles for things to happen and 
Dura Actuators MAKE them happen—win- 
dows go up or down, tail-gates or trunk lids 
move, seats move in any of half-a-dozen direc- 
tions, convertible tops go up or down, lock 
and unlock, or ride levelers are adjusted. And, 
that’s only the automobile business. Dura’s 
“magic muscles” work in scores of applica- 
tions, in fact, in ANY application where an 
electro-mechanical or electro-hydraulic actu- 
ator is the logical and thrifty answer. 


And, don’t forget that most of those Dura 
Actuators are compactly stowed in out-of-the- 
way spots where they don’t intrude into useful 
space, and they’re built to stay there and do 
their job with little or no attention — ever. 


Now, about YOUR problem. If you'll tell 
us what you need, we can probably pick out 
a standard unit that with a little modification 
will do the job, can be produced on existing 
tools with very little new tooling and can 
save you money. 


Why don’t you phone, wire or write our 
Automotive Sales Department right now? 
JOrdan 4-5500. 


Offices and Research Center, 
21800 GREENFIELD ROAD 
OAK PARK 37, MICHIGAN 


Plants iN: PARIS, KENTUCKY e YPSILANTI, MICHIGAN e SPRINGFIELD, ILLINOIS 
TOLEDO, OHIO e ZANESVILLE, OHIO @ MONROE, MICHIGAN @ RICHMOND, INDIANA’ 





os 
iy 


Vacuum 


Melting 
Extracts 


Impurities 


Improved soundness, better hot and cold workabil- 
ity, higher mechanical properties, cleaner metal with 
lower gas content—these are the characteristics of 
vacuum melted steels from Allegheny Ludlum. 
Typical of the metals produced by vacuum melting 
are Consutrode® steels and alloys. They provide out- 
standing cleanliness and homogeneity at minimum 
cost. These alloys, pioneered by Allegheny Ludlum, 
are available in the largest ingot sizes of any vacuum 
melting process—up to 20,000 Ib. ingots. This makes 
possible larger products of high quality in super 
alloys, stainless, tool, and low alloy steels. 
Consutrode alloys are made by vacuum remelting 
electrodes of a predetermined composition by an 
electric arc. The white heat of the arc—8000 F— 
breaks down many nonmetallics in the electrode. Con- 
siderable degasification, as well as substantial im- 
provement in cleanliness, is achieved by the furnace 
vacuum which removes the oxides and nitrides re- 


CRUCIBLE JACKET 


leased in melting of the electrode. 

Controlled solidification of the molten metal in a 
water-cooled crucible is a principal advantage of the 
consumable electrode vacuum process. This gives an 
exceptionally sound and homogeneous ingot. 

Other recently developed methods for improving 
steels and properties of the improved alloys are de- 
scribed in a new booklet, ‘Modern Melting at 
Allegheny Ludlum.”’ It includes a description of Spe- 
cial Air Melted Steels, Invac alloys made by induction 
vacuum melting, Invacutrode alloys made by remelt- 
ing Invac electrode stock by the consumable electrode 
vacuum process, and Consutrode alloys. 

This new booklet is packed full of charts and 
graphs—a real help to anyone who must get the most 
out of metals. Ask your A-L representative for a copy 
or write: Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 
Address Dept. PE-10. 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel one 
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TO STEEL-SCRUBBERS 


WHENEVER CUSTOM-MADE RUBBER PRODUCTS ARE CALLED 
FOR, CALL FOR YOUR FIRESTONE TECHNICAL SERVICE MAN 


Whether it’s wringer rolls for home washers or rubber squeegee 
rollers that scrub steel before plating, your Firestone Technical 
Service Man specializes in custom rubber applications. He'll ‘ana- 
lvze your specifications expertly and make precise recommenda- 
tions. Then he'll put Firestone’s complete custom rubber and 
rubber-to-metal production at your service. 
Firestone’s extensive engineering and laboratory facilities will help 
you develop the exact compounds and product designs to fit your 
requirements. And Firestone’s mass-production facilities develop 
close-tolerance, high-volume output at reasonable costs. 
See how much the Firestone Technical Service Man can offer you. 
Just mail the coupon or write or phone one of our nearby sales 
offices tod Ly. 

Copyright 1960, The Firestone Tire & Rubber Company 


Firestone 


Industrial Products Company « Noblesville, Indiana 


PRODUCT ENGINEERING + OCTOBER 10, 1960 


Firestone industrial Products Company, 
Noblesville, Indiana 


WE'D LIKE TO TALK TO YOUR FIRESTONE 
TECHNICAL SERVICE MAN WITHOUT COST 
OR OBLIGATION. 


FMR 


ZONE STATE 
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CANADA: Dominion Fasteners Ltd, Namilton, Ontarie. GREAT BRITAIN: Simmonds Acrecessories Ltd. Irelerest, Wales. FRANCE: Simmonds $A. 3 rue Salomon de Rothschild, Seresnes (Seine) GERMANY Mecane-Bundy Gerbil, Heidsibery 
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Another SPEED NUT Savings Story... 


62% cost reduction made with SPEED CLIPS* 
on Cramer Posture Chairs 


A dozen Speep C Ips 

now do the job of fas- 

tening upholstery to 

the steel seatof Cramer 

Posture Chairs. Before 

the switch to Tinner- 

man SPEED CLIPs, an 

expensive formed-steel 

rim was spot-welded to 

the seat to do this job. 

SPEED CLIPS save 

Cramer at least 46 

cents—or 62% of fastening cost—on each chair 

... they eliminate the rim-forming and spot-weld- 

ing operations...permit faster, easier assembly... 

simplify disassembly if the chair ever needs 

re-upholstering. Working jointly with Cramer’s 

engineering staff, Tinnerman fastening specialists 

were able to provide all these advantages without 
sacrificing product quality. 

Assembly costs on your product are likely to 
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benefit greatly, too, if you'll enlist the aid of this 
Tinnerman team. You can arrange for a free 
FASTENING ANALYsIs of your product simply by call- 
ing in your nearby Tinnerman representative. You'll 
find him listed in the ““Yellow Pages” and in Sweet’s 
PD File under “Fasteners.” Or write direct to: 


TIN MN EBERMAWN PRODUCTS, itnec. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


Speed Nutt’ 


FASTEST THING IN FASTENINGS® 
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THE STRAYED SHEEP 


There’s an old story about the new teacher who posed this problem in arith 
metic: If there are 17 sheep in a pasture and one jumps the fence, how many 
ire left? Johnny’s answer: “None.” Warned the teacher: “Johnny, if you take 
one from 17, sixteen are left.” Said Johnny: “You may know arithmetic, 
leacher, but you don’t know sheep.” 

We've all heard of the bellwether and the Judas goat (the second is merely 
the abattoir equivalent of the first). These are leaders, trained to do a job, 
which they do. One leads the flock home safe; the other leads them to slaughter, 
but the willingness of the sheep to be led gives us our classic example of lack 
of personal initiative. In contrast, the sheep that jumps the fence is usually the 
untrained one, the offbeat character who insists upon trying something new. 
He’s the originator in the sheep world, and the first one the sheep raiser dis- 
poses of, because he causes continual trouble. His life may be short but it is 
interesting. 

Among men (who deride sheep as shallow thinkers) there is a surprising 
umouiit of the same herd instinct. When there’s a bellwether around, the 
crowd follows him safe to pasture—and they frequently follow the Judas goat 
just as readily. But, in sharp contrast to sheep, people seldom kick up their heels 
ind jump the fence after the renegade. 

Our innovators are quite certain that a breakout of pasture occurs far too 
eldom. They fight for acceptance, for even a meager following in most 
instances. And when they're proved right, we sheep are sheepish. 

But this is all as it should be, if our society is to be a stable one. We mus 


t 
resist innovation for innovation’s sake, or we'll be the victims of constant 


hange, much of it unwise. By the same token, unless there is some change, 
he society becomes so stable it is static and on its way to disintegration. 

Perhaps this is the one advantage of man over sheep—a little more caution, 
1 little more care, a little less likelihood that he'll jump the fence. ‘This forces 
the fence jumper to prove he’s right, not just irresponsible. This attitude guards 
our society from mad flight, provides the brakes on the innovator so he'll have 
to fight his way to recognition. 

Some innovations are lost this way, but accepted ones are proved by the same 
method. 
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Wagner® Type DP Motors are doubly protected by rugged, 

corrosion-resistant cast iron frames and dripproof en- 

closures. Splashing or falling liquids, corrosive acids, salts, 

Sudden Splash and alkalies can’t stop their smooth operation. Designed 
to meet a wide variety of applications— including many 

Or that used to require splashproof motors—Wagner Doubly 

: Protected Motors pack plenty of power into precious 
Soaking Shower little space, are lightweight, long-lived, and pare down- 
time and upkeep costs to the bone. Simply put... they 

get the job done. Let your nearby Wagner Sales Engineer 


won’t stop a Wagner® DP Motor... show you how these motors can be applied to your needs. 
Call him, or write for Bulletin MU-223. 


Wadsner Electric Corporation 


6406 PLYMOUTH AVE., ST. LOUIS 33, MISSOURI 








SLEEVE BEARING MODELS AVAILABLE...DP CAN BE RELUBRICATED ... Original factory lubri- COOL RUNNING...Specially designed baffles 
Motors are built in NEMA frame sizes 182 through cation will last for many years in normal service, direct cooling air through the motor to reduce 
445U; 1 through 125 hp—1750 RPM—40°C; but openings ore provided to permit the relubri- stator temperature, thus increasing motor life. 
available with ball bearing construction as illus- cation that adds years to motor life under severe Blowers, cast as part of the rotor, move large 
trated or steel-backed, babbitt-lined sleeve bear- conditions. volumes of air without noise or vibration. 

ings. Larger motors (Type RP) are available 

through 1000 hp. WM60-20 
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introducing the 
Flexagage ... 


A DOUBLE-DECK 
RESISTANCE 
STRAIN GAGE 


It’s an assembly that effectively distinguishes bending strain from axial 


strain, but with its pair of metal-foil elements mounted on the same side of 


the structure being tested. This eliminates awkwardness of the conventional 


back-to-back arrangement. Here are first data, and equations for handling them. 


Dr FELIX ZANDMAN, director of research and development 


Instrument Div, The Budd Company, Phoenixville, Penna 


Pictured above is a new type of strain transducer, espe 
cially designed to separate bending strain from the total 
strain at any point in shell or plate structures. Composed 
of two foil strain-gages mounted on opposite faces of a 
plastic spacer, the Flexagage (also called the bending 
separator gage) overcomes a major instrumentation 
obstacle: Mounting of strain gages on both sides of the 
structure (back-to-back arrangement) is no longer neces 
sary. This is because both gages are packaged in a single 
moistureproof, calibrated unit that mounts directly on 
the outside surface of the structure. 

This simplification presents a number of important 
idvantages over past methods (see PE—July 6 ’59, p 57) 

1. Only one side of the structure need be accessible, 
a vital point in structures like completed aircraft wings, 
small pressure vessels, etc., where accessibility to the insid« 
side of the shell, plate, or skin is awkward 

2. Location problems are simplified. ‘Tedious measure- 
ments for determining exact matching locations and 
orientations of back-to-back gages are eliminated. 

3. With both gages mounted externally, fluid com 
patibility and hydrostatic correction are no longer problems. 
This latter effect can be serious, since initial zero reading 
as well as sensitivity of the internal strain gage in a back- 
to-back situation are functions of pressure. 
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4. Lead-wire problems are greatly simplified, particu 
larly where one side of the structure is subjected to pres- 
sure. Lead wires under high pressures exhibit changes 
in inter-wire capacitance and in their own resistance. 
Having both gages outside also eliminates need for pres 
sure-proot plugs, connectors, etc. 

5. Gages that fail can be easily replaced. This is im- 
portant in difficult-to-reach areas where the inside gage 
in a back-to-back setup must be installed before the 
structure is completely assembled. Gage failure here 
destroys all test data 


HOW THE NEW GAGE WORKS 


The principle of the new transducer is simply an ex 
tension of the classic method of analyzing a strain situa 
tion with gages mounted back-to-back. ‘The strain situa 
tions for the two cases are compared in the sketches on 
next page. For Case I, with one gage inside and one out- 
side, the bending strain is the average of the two strain- 
gage readings; axial strain at the same point is half the 
difference of the readings. The method presupposes both 
gages are mounted exactly opposite each other and oriented 
in the same direction. 

Case II shows both gages mounted outside the shell, 
plate, or skin—one gage on the surface, the second on 
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% & L Gage 3 


Case |! 
(Gages inside and outside 


Triangles xyz and mno are similar, thus 














Case Il 
(Both gages outside) 


Triangles zyz and uvw are similar, thus 


= a — K(a — @) 


Nomenclature 


Thickness of metal shall-plate-skin, in 

Distance between gages 1 and 2 on spacer, in. 
Measured strain from gage 1 on outer surface of spacer, 
in./in. 

Measured strain from gage 2 on inner surface of spacer, 
at outer surface of shell-plate-skin, in./in. 

Measured strain at inner surface of plate-shell-skin, 
in./in. 

Axial force at point in question or other load in the 
same plane, lb 

Bending moment at point in question, Ib 

Component of strain due to axial force, in./in 
Component of strain due to bending moment, in./in. 


above it by a carefully controlled distance, h. The plastic 
separator maintains this distance, but also bonds integrally 
to the structure so that it deforms as though it weré 
part of it. If the 
? 


separato: is simply an extension of the linear strain dis 


strain distribution within the plasti 


tribution in the metal structure, then the two strain read 


the surface establish the strain at all 


ings outside point 
beneath the surfacc More important, these two strain 
readings will allow separation of bending strain from axial 
strain as shown by Eq (3) and (4 Note that the bending 


} 
rie 


equation (3) contains both the metal thickness and t 
distance between the 

Uhe question immediately aris Is the 
tion in the plastic separator indeed linear? cf 
has been proved by investigation of the reinforcing effect 


of PhotoStress (see PE—Sep "56, p 167) plastic. In the 


J } 
tests, strain gages were plact top of the plastic coat 


I 
ing, at the interface between plastic and metal, 
the uncoated side of the metal. All manner 
bending and tensile loads were imposed on th 
and under all of them the gage readings show 
strain distribution throughout the metal-plasti 
This linearity was confirmed by photoelastic 
itself The bending-s 
strain gage was con lasa I 


forcing effects 


ments within the coatin 


, 


REINFORCING EFFECTS 


Attachment of any sort of strain-measuring 


Ss 


surface reinfor y fens that surfa 


metal 
™ 


degree. The strain ition will 


+} 


less with the extra hmer without 


is to design 

1 maximur 
iccuracy 
idded problem 
the two foil gag 
the signals from ea r accurate measureme! 

As they are now « rm the bending-s 

have a maximum reinforcing effect of 
a signal difference bety gages 
achieve this, the width of bare metal to which th 
separator gage is attached must be at least 7 ti 
separator width and the separation distance h must 
at least 50% of the metal thickness. For this reason, 
series of three gages, each with a different h-value, |} 
been devised to cover a common range of metal-thickn 
(see table, opposite pag Thicker gages can be con 
structed if needed ios of specimen- to separator 
width less than 7, spe rrections can be calculated 


MOUNTING 


The new transducers are designed for mounting on 


iny material 


with an elastic modulus greater than 6 x l( 
psi (magnesium and stiffer materials). Stress anal) 
of a lower modulus material will have a higher error f1 
stiffening. Mounting follows the same procedures as 
with other metal-foil strain gages. Any solvent-free, room 
temperature-curing adhesive will work. Examples are 
contact cements like Eastman 910, or Budd Instrument 
Div Adhesive No. GA], which cure in 1 minute: or epoxy 
adhesives like Armstrong Cork C-2. Metal surfaces may be 
cleaned with conventional aromatic chlorinated solvents 
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Data for the 3 Types of Bending-separator Gage 





Gage For Metai Dimensions, in. Resistance, Max Voltage, 


—— 
Type Thickness, in. h | width Ohms volts 





Separator 
Cement A 0.040-0.080 0.0200 1% % 120 12 


h Top gage cate gage ee 
B 0.080-0.160 0.040 1% % 120 12 


0.080 2 % 120 12 





C 0.160-0.320 


Base meta/ 











(methyl chloride, ethylene dichloride, acetone, chloroform 
etc.), but the plastic material of the bending-separator gage 
should not be brought into direct contact with these 
solvents. The separator gage surface next to the metal 
may be cleaned with alcohol prior to installation. 


SPECIAL PROBLEMS 


Conventional rosette patterns may be set up, when 
directions of principal stresses are unknown, in the same 
manner as for conventional strain gages. It is important 
to note, however, that the Flexagage itself should not be 
trimmed to gain space advantage. The length dimensions 
given in the table were carefully established to distribute 
the strain smoothly throughout the separator and eliminate 
end effects. 

Temperature can influence the results in several ways. 
(1) resistance heating can soften the bond between the foil 
gages and the plastic separator, causing creep. This has 
been designed for by making the spacer of a heat-conduct- 
ing plastic carry this internal heat away to the base 
metal. (2) Mismatch of thermal-expansion coefficients 
between base metal and plastic separator can induce 
thermal strains if ambient temperature changes appreci- 
ably. Dummy gages mounted on the same material can 
be used to correct for this effect. 

Maximum operating temperature for the bending- 
separator gage is controlled by the temperature resistance 
of the plastic separator block, and has not yet been 
precisely determined. So far, the new gages have been 
used up to 110 F with no loss of accuracy. 

Nonlinear strain distributions through the metal thick- 
ness are a difficult problem and usually call for theoretical 
analysis or three-dimensional photoelastic techniques. A 
good example is the thick-walled cylinder, where the hoop 
strain distribution, from point to point along a radius, 
is hyperbolic. In such a case, the bending-separator gage 
can be laminated to include a third metal-foil gage in 
the middle. This gives three strain points, and allows a 
fair distribution curve to be drawn. This should be 


EDITOR'S NOTE: For other articles 


stresses on metal parts. New method 


refined further by placing another strain gage on the 
interior surface for another boundary point. Here, the 
conventional back-to-back method cannot give accurate 
results. 

Very thin metal structures require a special correction 
because here the thickness of the mounting cement and 
the thickness of the epoxy cover over the bottom gage 
become significant. For these cases, a new constant K 
for Eq (4) must be employed 


4/240 


K’ = h 


where a is the cement line thickness plus 0.001 in., the 
thickness of the epoxy cover over the bottom foil gage 
(a is usually 0.002 in.). Values of h are given in Table I. 
Cement thickness can also be measured by deducting the 
gage thickness from the installed height of the gage. 


For REPRINT of above article, just check P64 on one of the 
Reader Service cards in this issue. 
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ABOUT THE AUTHOR 


Felix Zandman, holder of many patents in the stress-analysis 
field, was recently decorated by France with its Order of Merit 
for Research and Invention. The present article, his fourth 
contribution to PRODUCT ENGINEERING, is latest of many he 
has published here and abroad. Before coming to this country 
he was head of New Product Research Section at the jet-engine 
firm, S.N.E.C.M.A., as well as associate professor at the French 
Institute of Aeronautics. He holds MS degrees in mechanical en- 
gineering and in physics, and a doctorate in physics from the 
Sorbonne. 

Dr Zandman’s interest in stress analysis dates back to his 
doctoral work. Using photoelastic plastic models to measure 
strain, he found his results wouldn't check with strains on the 
actual part. This led to the conception and successful develop- 
ment of PhotoStress, which reads strain from a bi-refringent 
plastic bonded directly on the surface of a metal part. 

With The Budd Company since 1957, he conceived the Flexa- 
gage as a result of his further work on reinforcing effects of 
PhotoStress. Further development of the new gage was corried 
out at Budd's Instruments Div by Dr Jerome Catz of MIT. 








photoelastic technique, with emphasis 


covering stress-analysis techniques for 
design: 

Survey Method Evaluates Residual 
Stresses in Gears, Sep 14 '59, p 84— 
Details on test method to survey which 
hardening treatment and combination 
of materials give highest residual 
stresses in gears. 

Acoustoelasticity, July 20 '59, p 56— 
Polarized high-frequency sound can 
measure residual as well as applied 
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eliminates need for plastic models re- 
quired by the polarized-light photo- 
elastic technique. 

Finding Stresses in a Pressure-vessel 
Head, July 6 '59, p 57—How to com- 
pute biaxial stresses where head and 
shell join—without having strain gages 
inside the vessel. Discusses both 
spherical and elliptical heads. 

Photostress Analysis, Mar 2 '59, p 43 

Describes latest developments in the 


on torque analysis. 

How to Measure Principal Stresses, 
Oct 14 '57, p 101—Ways to get the most 
out of strain-gage analysis. Distribu- 
tion diagrams for pressure-vessel 
stresses are given, along with basic 
design equations. 

Three-dimensional Photoelasticity, 
July 57, p 135—Discusses application 
of latest materials and techniques to 
pressure vessels of unusual shapes. 
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VIBRATION RESISTANCE OF THREAD- 


New test method rates how various ESNA-type locknuts perform 


during vibration, and how they compare with plain nuts. 


K R BRONSON, head of research 
C C FARONI, chief product engineer 
Elastic Stop Nut Corp of America, Union, NJ 


Mi.) different types of thread-locking devices can sat 
isfy the military’s vibration-resistance specifications, AN 
N-5 or MIL-N-2052 (ASG 3ut when an application 
requires maximum resistance to vibration, tests, covering 
those specifications cannot give comparable data for vari 
ous types of nuts. ‘This is because 

© The test is not reproducible. 

e It is limited in range of bolt sizes, and to nuts which 
are not seated. 

In the past, most vibration tests were conducted with 
no preload in the bolt, because existing test procedures 
could not satisfactorily produce loosening vibrations in a 
preloaded connection typical of those encountered in 
service. Furthermore, loss of bolt tension results from many 
factors, including roughness of mating surfaces, ‘wear, cor- 
rosion, yielding, lack of squareness, burrs and other factors 
I'he elastic elongation of a bolt due to assembly torque is 
between 0.001 and 0.003 in./in. of length. Consequently, 
it takes only a small amount of wear, yielding of high 
spots on the bearing surfaces or yield of the bolt due to 
overload, to cause the loss of all, or most of the bolt 
tension. 

This type of reasoning has favored the evaluation of the 
effectiveness of self-locking nuts solely on the basis of 
locking torque. While such tests will conveniently check 
the quality of manufacture, they do not provide informa 
tion on ability of the nut to resist vibration. In some types 
of locknuts, a very small amount of axial thread distortion 
produces high initial torques. Under vibration these high 
spots quickly wear to where little, if any, locking torque 
remains. A reliable vibration-test shows this up quickly; a 
torque test does not. 

One necessary function of’a locknut is to stay on th 
bolt and prevent the joint from coming apart, even when 
all bolt tension is lost. This represents a condition in 
which the locking device alone keeps the nut from turn 
ing. Also, nuts are frequently reused after having bec: 
removed for maintenance or adjustment, and the equip 
ment is expected to function satisfactorily. Therefore, 
tests should simulate this condition, by running the nut 
on and off the bolt several times before vibration testing 


Our New Vibration Test 


To overcome these shortcomings we developed a repro 
ducible vibration test method in which: 


© Test conditions can be made severe enough to shake 
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any locknut loose, thus e\ 
wide range of sizes and conditions 

e The conditions can be controlled t 
of behavior for various thread-locking devic 
ferent test conditions 

® Bolts can be preloaded or run loose with 
sion 

e iffect of torque, tension, surface condition 
can be evaluated. 

Che test fixture shown here has elongated slots in wh 
bolts and nuts being tested are free to move up and dov 
in the slot. The fixture is mounted on the platen of 
Sonntag fatigue machine and vibrated vertically; the resu 
ing impacts are the source of the loosening force Slot 
ire designed so the vertical movement (fixture cl 
is 3 in. for all bolt sizes. The tests are made at a fre 


ly 


of 1800 per minute with a vibration amplitud 
of 7/16 in. Number of cycles in the test run is in 
on the machine. Any number of specimens up 
be tested in one run without affecting test results. 
These bolts are assembled by two methods illu 
facing page. Method A for loose-connection tests, simi 
léss of bolt tension caused by wear, roughness or yield 
Method B, for tight-connection tests, can produce va 
degrees of bolt tension. Method A is best for evaluating 
the locking effectiveness of self-locking nuts, but Method B 
canibe used for comparing free-running locknuts, plain 
nuts and lockwashers, and any other methods of locking 
a nut on a bolt. Bolts, washers and cylinders are selected 
so that all specimens in any one test series are identical 
Each test is continued until all specimens fail either by 
the nut running off the bolt or breaking of the bolt. Ex 
tions are when one specimen in a series outlasts all 
other specimens by a wide margin, in which case the 


is stopped 
Factors Affecting Loosening 


Since different test conditions are controllable, tl 
valuate factors that affect loosening of nut and 


¢ Relationship between 


tension. 


issembly torque and 


e Heat treatment as it affects surface conditions 
@ Lubrication. 
© Effectiveness of a locking element, when used 


e Thread fit of nut and bolt 
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LOCKING DEVICES 


IN TEST FIXTURE above, bolts and nuts move up and 
down under adjustable vibration force to give uniform 
impact to all five specimens. Either of two mounting 
methods can be used, as shown in sketches. 


Terque-tension Relationship 


l'o determine the effect on bolt and nut, loosening tests 
were run with plain nuts. Tests were made with a tight 
mnection, using hard-steel cylinders; machined, carbu- 

| and hardened washers; and SAE Grade 8 bolts. Both 
nds of the bolt were ground parallel to permit accurate 
ength measurements for calculating bolt elongation. 

hree series of tests, at 40,000-, 44,000-, and 50,000-psi 
bolt tension, were run with 5 bolts in each. Results showed 
that bolting torque is a major factor. For example, at 
+0,000-psi bolt tension, 4 out of 5 bolts came off in 3000 
or fewer cycles. The fifth, which stayed on until the test 
was stopped, had required the highest installation torque. 
‘his was substantiated by the tests at 44,000-psi tension, 
where 4 out of 5 stayed on the bolts beyond 100,000 
ycles, and the one that came off at 3000 cycles had re- 
quired the lowest installation torque. The tests at 50,000- 
psi also showed the need for high torque; however, the 
increased tension here caused 2 out of the 5 bolts to 
break before the nuts came off. This showed that while 
high torque is desirable, the attendant high tension limits 
fatigue life of the bolts under impact and vibration. In 
conntrast, it is generally accepted that high tension im- 
proves fatigue life when external loads are smoothly cycled. 


| 


Effect of Surface Conditions 


1. Heat treatment can change the torque-tension rela- 
tionship—higher torque is needed to give bolt tension. 
For example, a series of bolts were placed in an oven at 
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Fixture “Ward wear rings 











METHOD A—for loose-connection tests 


Plain 
stee/ washer 


Hord wear ring 


Hard weor ring ~_- 


Plain 
stee/ washer 


METHOD B—for tight-connection 


100 F for 4 hr. These bolts required 110 to 180 lb-in 
torque to produce 40,000-psi bolt tension, while thos 
without such heat-tinting required only 80 to 110 Ib-in 
to give the same tension. All 5 heat-tinted specimens 
remained bolted for a minimum of 100,000 cycles as com 
pared to 3000 cycles maximum for 4 out of 5 specimens 
without heat-tinting. This means the larger installation 
torque was a significant advantage 

2. Lubricating the threaded surfaces of the bolt and 
nut produces an effect opposite to heat-tinting. This was 
shown in a series of tests using graphite petroleum Spec 
MIL-T-5544 A-(ASG) without any heat-tinting. The 5 
specimens in this series required only 40 to 50 Ib-in. torque 
to produce 44,000-psi bolt tension. Under vibration, 4 
out of 5 were off in less than 5000 cycles, and the fifth 
came off at 73,000 cycles. This showed high torque is 
essential, but lubricated threads make nuts fall off faster 

Results of these tests are shown in Table I, p 61. The 
tensions are calculated based on length measurements. 
The notations (TS) indicate test was stopped, and (BB) 
indicates that the bolt broke. On all other tests without 
such notations, the nuts came off the bolts. 


Effectiveness of Locking Element 


To determine the relative vibration resistance of vari- 
ous types of thread-locking devices a series of tight-connex 
tion vibration tests were run. Cadmium-plated 4-28 NF-3 
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RATINGS GIVEN BY VIBRATION TESTS 


NONMETALLI BEAM DISTORTED THREAD 
=a - = ; 


. es 
‘, e 


C INSERT 


abs 


TYPE A 
RATING 100 


CASTELLATED NUTS WITH 
ROLL PIN COTTER KEY 


e~ 


TYPE S 
RATING 38 


PLAIN NUT WITH JAM NUT 


SPRING LOCKWASHER 


T~ 
TYPE Q 


TYPE Y : 
RATING 1 


RATING 5 

TIGHT-CONNECTION VIBRATION TESTS of %-28 bolts performance. For a number of specimens of the first 4 
with 10 different types of nuts gave highest rating to non- types above, the loose-connection performance of %-20 
metal insert nut. Comparison is shown above. Loose- bolts gave the following ratings: Type A-100, B-32, C-42, 
connection vibration tests, where locking device of the and T-14. However, in comparison with tight-connection, 
nut alone keeps it from turning, gave a similar pattern of all nuts in the loose-connection tests came off much sooner. 
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ON PLAIN-NUT LOOSENING 
Surface Treatment 


None. 
None. 
None. 
None. 
None. . 
Heat-tinted 
Heat-tinted 
Heat-tinted 
Heat-tinted 
Heat-tinted 
None.. 
None. 
None. 
None... 
None. 
Lubricated. 
Lubricated. 
Lubricated. 
Lubricated. 
Lubricated. 
None... 
None. 
None. 
None. 
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TABLE I|—-EFFECT OF TORQUE, TENSION AND SURFACE CONDITIONS 


Tension, psi Torque, Ib-in. Cycles on Bolt 


LULAI00 L000 





SAE STANDARD FOR 
NUTS 


BOLTS AND 


SAE Handbook gives specifica- 
tions for proof load, tensile 
3 strength, hardness, and material 
2. with heat treatment for grades 
1 
0 


2,000 





; Oto 8. Details for minimum re- 
’ quirements for each grade, 
30,000 (TS) method of testing, and standard 
100,000 identification markings are also 
100,000 given. Grades 0 and 1 are ordi- 
145,000 (TS) nary commercial, made with 
145,000 (TS) open-hearth, electric furnace or 
145,000 (TS) Bessemer steel. For all other 
125,000 (TS) grades, open-hearth or electric- 
3,000 furnace steel is specified. Each 
116,000 (BB) grade must conform to specified 
proof loads and tensile strengths, 
125,000 (TS) although no limitations are 
125,000 (TS) placed on the composition of the 
2,000 


steel. 
73,000 
1,000 
2,000 
2,000 
87 ,000 (BB) 
100,000 (TS) 
100,000 (TS) 
71,000 (BB) 
100,000 (BB) 





© TTS HAMUEETTUOAEY 


BTN VY 


NOTES 
(TS) Test stopped 
(BB) Bolt broke 








Nut Type Class 3 Bolt 


Distorted thread (G) 8,000 
Jam nut (Q) 12,000 


Nonmeta! insert (W) 201,000 





TABLE tl——EFFECT OF BOLT FIT ON TIGHT-CONNECTION VIBRATION TEST 


Cycles 


Class 2A Bolt 
5,000 
6,000 


96,000 








] 


bolts with tensile strength of 125,000 psi were used and 


the cylinders were hardened 


soft 


assembled with 70 Ib-in 


The washers 
All nuts wer 


ind ground 
used wer standard commercial grade 
ind the tests were con- 


rhe types of nuts used 


torque, 
tinued until all the nuts came off 
ind their relative performance ratings are shown above. 
In calculating the ratings for each design the minimum 
life in a group of specimens was used since this is the 
significant figure if no loosening during equipment life can 
be tolerated. Results show that resilience and dampening 
of the nylon insert type offers greatest resistance to vibra- 
tion. The beam type offered next best performance, which 
was considerably better than the elliptical-distorted thread 
type. Performance of the various types of locking devices 
on castellated nuts and their comparison with the nylon 
insert type shows that resilience of the locking mechanism 
plays an important part in resisting vibration. Another 


EDITOR’S NOTE: For 
articles on fasteners see: 

Test Results Guide High-tempera- 
ture Design of Bolted Assemblies, Sep 
30 ’57, p 79—Recommends materials 


other recent 


of heat expansion. 
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for bolts and structures up to 1350 F, 
gives test results for computing effects 


Assembly Methods—an Engineering 
Roundup, June 8 ‘59, p 91 


significant finding is that the plain nut, with or without 


compared 


a spring lockwasher, showed a rating of only | 


to the nylon insert nut. 

Loose-connection tests are useful in determining the 
thread-locking device after all bolt 
tests, 


effectiveness of the 
tension is lost. ‘he results from a series of these 
indicate that the the 
types is the same as in the tight-connection test. They 
show that the resilience of nylon inserts or beam deflec- 
effective than thread sections, 


performance pattern of various 


tions are more distorted 


which soon wear down under vibration. 


Effect of Thread Fit 

To determine the effect of thread fit, several designs of 
nuts were tested on 3-28 bolts with both Class 3 and Class 
2A fits. 
showed that Class 3 fit was definitely better for all designs. 


rests on a number of specimens of each design 


for sheetmetal fastening, die-cast 
parts, glass, plastics, spring joints, 
brazed joints, and detailed checklist 
of additional information on assembly 


Diagrams methods and materials. 
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RAMBLER’S “CLASSIC”’ 


Die-cast engine lightens this compact 


Aluminum block in the ’61 Rambler 6-cylinder engine is 80 lb lighter 
than its cast iron predecessor. Driver-controlled door-locking system 
is a featured option for added safety and convenience 
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ENGINE BLOCK is one-piece diecasting of 512A aluminum- 
silicon alloy. This provides required hardness plus con 
trolled temperature expansion. The 67-lb block has 53 lb 
of Al and 14 lb of iron cast in one shot at 8000 psi. Cylinder 
liners are centrifugally cast iron, chemically and mechan- 
ically bonded to the block. Water passages in block are 
open at top, as required by die-casting method, and mate 
with water passages in the head. Raised piston-crown 
provides wedge-shape combustion area to control flame 
propagation and permit an 8.7:1 compression ratio with 
regular fuel. Steel stampings are used for the valve cover, 
timing-gear case and oil pan. 

Overhead valves are actuated by hydraulic valve lifters 
through pushrods and rocker arms. External oil pump is 
driven off the cam shaft and mounts a full-flow, cartridge- 
type oil filter on front of its housing. Downdraft carburetor 
supplies the combustion mixture to each cylinder through 
intake passages cast in the cylinder head. Combined vibra- 
tion-damper-pulley mounted on nose of the crankshaft 
drives the generator, water pump and fan. 
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RAMBLER CLASSIC SPECIFICATIONS 


noe NN ER 


Wheelbase ..108 in. 

Over-all Length .. .189.8 in. 

MANUAL VALVE, Over-all Height , . 57.3 in. 

(ON-OFF) | ; i Over-all Width ........72.4 in. 

; vacuum ? Weight (dry) ... . .2950 Ib 

a Tread, front .... .57.75 in. 

rear .<.. . 58.0 in. 

No. of Cylinders ..6 or V-8 

Bore & Stroke. ..6—34 x 42 in, 

V-8—34 x 33 in. 

Displacement ...6—195.6 cu in. 

V-8—250 cu in. 

Compression Ratio ....6—8.7:1 

V-8—8.7:1 

Torque 6—180 lb-ft @ 1600 rpm 

V-8—245 lb-ft @ 2500 rpm 
Brake-horsepower 

6—127 @ 4200 rpm 

V-8—200 @ 4900 rpm 

Tire Size 6.50 x 15 

Brake Area 153.8 sq in. 

Termine Diti.. .- cies we 37.25 ft 


POSITIVE DOOR-LOCKING SYSTEM is controlled by a manual selector on 
the dashboard. Vacuum actuators at each door control individual locks on 
front and rear doors. Tube connected to intake manifold runs to a master 
valve beneath the driver’s seat and then to a selector valve on the dashboard 
System cannot operate until driver’s weight trips the master valve, 











LEOQVOPOPERETSS10GC0R00" 7 TPT 





PS ... Hailed by American Motors as “the automobile that touched off the compact- 
car revolution,” Rambler shows an awareness in its “Classic” series of growing com- 
petition. Classic can be had powered by a six or V-8; and comes in three styles— 
4-dr sedan and the 2- or 3-seat station wagons. Die-cast engine resulted from 
cooperative R and D program between Doehler-Jarvis Div, Notional Legd Co, 
Teledo; and American Motors Corp, Detroit, who produce the entire car. 
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PRODUCT DESIGNS 














Worm Gear Makes 
This Timer Precise 


A screwdriver is all it takes to adjust the cams 

in this lightweight timer. Settings are accurate * 

within 0.1% of the total period. MOTOR-DRIVEN TIMER uses rotating cams to trip 
switches at the desired time. Nylon cam has geared 
hub which fits into a collar locked to timer shaft. Brass 
screw in collar locks cam and collar together and func 
tions as an adjusting worm. Rotating the brass screw 
rotates the nylon cam for precise time adjustments 


PS ... Miniature adjustable sequence timer Model 4-23 has a time 
span of 1 sec to 45 min., is produced by Acton Laboratories Inc., 
Acton, Mass. 





“Fifth Wheel” 
Does the Work 


It’s a compact electric drive that eliminates 
manual handling of heavy, rolling loads. 
Unit moves vertically to follow contour of 
floor. 


DRIVEWHEEL carries only the weight of the propulsion 
unit. It rides up and down freely to compensate for floor 
irregularities, maintaining constant traction between wheel 
and surface. Pivoted control handle permits steering with 
minimum effort. Three pushbuttons in handle provide 
fingertip control of forward and backward movement, plus 
braking. Moving the handle to the vertical position applies 
the mechanical brake. 


} 
PS .. . Dyna-Drive is available in either 3000- or 8000-lb 
| capacities. Battery-operated 12-v de motor powers the drive- 
| wheel through either a fluid drive or centrifugal clutch. Power | 
unit is produced by Colson Corp, Chicago. 
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Better Way to Place Sliderule 


Decimal Point 


“Supes” and “subs” eliminate serious errors—and reduce computation time. 


HARVEY S PARDEE, consulting engineer, Sunland, Calif 


There are systematic and generally accepted ways of 
calculating with a sliderule, but when it comes to a 
method for placing the decimal point in the result, you 
can pretty much take your pick. If you trust your mental 
arithmetic, you probably make a quick estimate while 
considering the risk of order-of-magnitude errors. If you 
are fastidious, you may assign a logarithmic characteristic 
to each factor and, compute characteristic of the answer. 

The following aid incorporates the best features of both 
methods. It requires some mental arithmetic but most 
of the bookkeeping is handled by small numerals that 
replace the decimal point to keep tabs on powers of 10 
About an hour’s study and practice should give you facility 
with the method and confidence in the result. 

First, rewrite the factors as numbers between | and 10 
But instead of the decimal point itself, actual position of 
that point is indicated by a small numeral written between 
the first and second digits. A superscript n indicates that 
the true decimal point is n places to the right; a subscript n 
indicates that it is n places to the left 

1000 = 1° 
0.001 = i0 
2.67 = 27 

Numbers with only one significant figure are written 
with a zero following the decimal point to avoid con- 
fusion between superscripts and exponents. In our work, 
we have found it convenient to shorten the names of the 
notations to supe (pronounced “soup”) and sub. Thus 
2°4 is spoken “two, supe-3, four” and 6,3 is spoken “‘six, 
sub-2, three.” 

Efficiency of the notation is seen by comparing it to 
the other methods of writing numbers. They require 4 to 
7 more characters to present the same information. 

23000 = 243 =2.3 x 10‘ = 2.3 « 10,000 = 23 thousand 
0.000,000,3 = 3,0 =3.0 x 10-7 =3/10,000,000 =3 ten-millionths 


Multiplication and Division 
In computation, supes are treated as positive quantities 
subs as negative. These are summed for multiplica- 
tion and subtracted for division. The following example 
shows details of the procedure found to give sure results 
and greatest speed. 
0.00102 33.4 
4.66 < 872 X 95.5 
(1) write: 1,02 & 3'34/4°66 X 8,72 & 9°55 
(2) with sliderule, compute: 
R = 878, without decimal point 
(3) mentally compute: (1)(3)/(5)(9)(10) = 3/450 = 0.007 = 7,0 
(4) sum supes and subs: —-3 + 1 — (0 —1 +1) = —2 
(5) add sub (or supe) of answer from step (3): 
—2 + (-—3) = —5 


R = 8;78 = 0.0000878 


R 


PRODUCT ENGINEERING + OCTOBER 10, 1960 


Occasionally, (about one time in 50) the first signifi 
cant digit of the mentally computed answer in (3) will 
be a 9 and the first significant digit in (2) will be a 1] 
If so, add 1 to the result in (5). If the reverse happens 
9 in (2) and 1 in (3)—subtract 1 from (5 

The following example (one of the special cases de- 
scribed above) shows computation in workbook form 


~ (0.00639) #42) 
MPR 
(és 39) (#742)/¥%2 


R= (°W7 = 107 


Powers and Roots 

Numbers with exponents can also be expressed in this 
notation. The supe of a power is simply the product of 
the supe and the exponent (and correspondingly for the 
sub). Add to this the supe of the mentally computed 
power of the first digit. For example 
(1) R = (653)? = (6°53)? 
(2) with sliderule: R = 427, without decimal point 
(3) mentally compute: 6? = 36 = 36 
(4) multiply supe times exponent: 2 * 2 = 4 
(5) add supe from (3): 4+1=5 
R 4°27 = 427,000 
When the power is one factor in an expression, the 


workbook looks like this: 


£4 - C723)(0.095)° 
2.7/ 
(7°23) 5)°/2°77 
R= 2,285 = 0.2295 





Roots are handled the same way except that when re 
writing the number the supe must be placed so that it 
produces an integer (or zero) when multiplied by the frac 
tional exponent. The supe of the result is supe of the 
number divided by the root. For example: 


0.0037 = (3;7)"* = 1,55 = 0.155 
0.37 = (370;)'* = 7,19 = 0.719 


Or, as a part of a longer expression 
k= (0.653>(%03) 
YV Face | 
(6, 53)(8 70 3)/ v°2)s 
f= 2°60 26.0 i 











DESIGN NOMOGRAPHS 


THE EASIER WAY 


Here’s a method that provides an automatic solution. 
Once the equation has been put into the proper deter- 
minant form the nomograph is, to all intents and 
purposes, done. Any careful draftsman can follow 
your instructions to produce a final large-scale draw- 


ing without guesswork. 


C R GLANVILLE, project engineer, Wells Survey Inc, Tulsa, Okla 


method of con > two points A 


BD... minants ofc the most omprehen ve 

but for some reason the method has been 
prett literature. The determinant method 
particularly attractive because it determines the position, shapes 
by simple alg 
Lavout and drafting are greatly reduced 


juirements of geometrical methods. 


structing nomographs 


1] 


well ignored in the 


ind scales of the nomograph stems (or lines 
braic manipulations 


lf the re 


BASIS OF THE METHOD 


ume that 


ordinates 
mn. of the line throug! 


uati 


lope of the line. 


multiply Eq (1 


n transpose ll 


the result 


yuly ilent to 


'herefore, Eq 


n determinant form. It is satisfied by 


(3) represents the eguatic 


with reference to 


left-hand side a1 


a 


‘ 
mn of a line expressed 


$s important to 


} 
letting t 


ned by 
ements on one 
f the sé 
ixis (in this ca 
tf course, any num 
number of pomt 


points 


represent 
th equation 


nt functions 


if 
| 
f 


iling for three 1 
in Fig 2 he position hapes and scales of 
column of Eq 


1 function of 


tems as shown 
these stems are determined by letting the first 
5) represent the displacement on one axis a 


Eq (5 


other axis as a fun 


ariable and letting the. second column of represt 


the corresponding displacement on th« 
tion of the same variable. The derived graph is a nomo 


ecause any straight line intersecting the u. v and w ster 


lution to F | (5 
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STEPS IN NOMOGRAPH CONSTRUCTION 


nomograph of an equa- 
formed into a function 


erminant 
the nomographic form 
variables, and the nomo 
nformation given in the 
adjustments in 
ms and scale ranges 
most workable forn 


EXAMPLES OF NOMOGRAPH CONSTRUCTION 


Ilustrate the mechanics 


general equation 


(6) 

mplified function of three 
ro to complete step (a) 
(7) 


a determinant 


, 
rm ti 


1e determinant into the nomo 


* 


elements of column 2 to the ele- 
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PROPERTIES OF DETERMINANTS—A BRIEF REVIEW 








rhe symb 


leterminant of the 


Ay)acs 208 ra 2 Co — G2 iCs AsbeC; 


Determinant ll higher order may be written, 
f no interest t ; in this article 


es of determinants useful in construction of 


yut they are 
Properti 
nomographs are as follows 
e All of the rows may | lumns ‘ 
1 of the columns as rows withou ng the value 
of the determinant provided that the row and column 


J 


e Multiplying the 
an arbitrary factor 


C3 
¢ The valu terminant is not changed by 
adding the el at any roy column) to the 
elements of a ent row (or column) multiplied 


by an arbitr 


ai 











DESIGN NOMOGRAPHS continued 























x= 
y= 1.5 
z= 5x1.5=7.5 

















olumn 3 and then dividing the elements of row | 


minant into the nom 


umn 3 and then dividin 


/ 
l let the fir lumn of the final determinant 


represent the displacement on the vertical axis so that the nomo 


graph stems will run in the convent vertical direction. From 
8), we obtain the following rel 


_ 
Fig 3 shows the nomograpl lavout and then a 


of x, vy and z as follow 


Product of Two Variables 


us next construct a nomograph of the general equation 


1e product of two variables, g hows tl sraph layout and then as scaled for ranges 


z= ry (9 
< < 
we set the function equal to zero 03285 10 


3] 


zZ ry 0 10) 
e express the function as a determinant. Care 
1 having two variables in one row € may t he ; shown in the scaled drawing in 
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1 we may obtain 
for Eq (6 
is scaled for 


10 
10 
100 


Variable Raised to a Variable Exponent 


nstruct a nom graph of th equation for a 


ble exponent, 


(13) 


of only one 
equation in a 


(14) 


We next express Ex ; a determinant, taking care to avoid 
having functions « ) variables in one row 


logz 0 l Curved Stems 
Ihe nomographs we have di 


+} ety rht.liy 


log y 0 
tructed entirely with straigh 


0 r l fact that the nomographic de 
erminant into the nomographic form entry of a function of a var 
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DESIGN NOMOGRAPHS. .....:i:.u60 








v=4 
t=0.4 
d=4(04)+ | 


y 











d=vt+i6t* 


forms of equations, the nomographic determinant will be found 
to have two entries of functions of a variable in a single row 
sulting in a curved stem for this variable. Let us now construct 


nomograph for an equation of this type 
d vt + ial Li 
distance traveled by a uniformly accelerated body, 
velocity of the body at the start of the period of time 
being considered, 


} 


t= time during which the body is uniformly accelerated, 


i icceleration 
Assuming the acceleration 
the function of three varial 

(16 
We now express Eq (16) as a determinant, taking care to avoid 
having functions of two variables in one row 


In the next step, we may transform the determinant into the 
nomographic form by adding column 2 to column 3 and then 
lividing row 3 by (1 +t 


' 
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onstant, we first equate 














i ee ee ee | 











l 
(1+) 


From the final determinant we obtain the following relations 
Y =d, r=0 
Y = ’, X=! 
' al? ; t 
} ——., X= 
2(1++4) (1+) 
Fig 7 shows the nomograph layout and then as scaled for 


a = 32 
<ds10 
svs0 


5t¢s } 


0 


(he X axis has been tilted so as to obtain a more compact 
hart. Then scale t/(1 + t) along the slanted X axis. Scale 
at®/2(1 + t) on the d axis and project parallel to the X axis 
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Scaling Factors and Stem Locations 


Ihe only rule which guides us in expressing the functions of 


three variables as a determinart so that it may be transformed 
nto the nomographic form is that functions of two different 
variables must not appear in one row. Thus, it is possible 
for us to fill in the checkerwork of the determinant in many 
different ways and thereby obtain many different nomographs 
of an equation 

For example, Eq (7) may also be written in the form, 


z l 


-y oO i—y O 
he final determinant gives the following relations: 

Y =,g, X=! 

¥=5 X=; 

Y=-y, X=0 


Fig 8 gives the nomograph layout and then as scaled for ranges 
0s750 
-lsys0 
0823510 
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Note that we have been able to obtain different relative scaling 
factors and different relative locations for the stems of the nomo 
graph by using different approaches in setting up the deter- 
minant (see Fig 3). In practical application we may take 
advantage of this feature in order to construct nomographs having 
optimum designs. 


Equations of Two Variables 


The determinant method of nomograph construction may 
also be applied to equations having only two variables. For 
example, let us consider the slope-intercept form of the equation 
of a straight line. 

y=ar+b (18) 
Following the steps required in the nomograph construction, 
we obtain 


(l+a 1+a) 


The final determinant gives the following relations 
xX 
X 
x 


Fig 9 gives the nomograph layout and then as scaled for the 
familiar Fahrenheit vs Centigrade temperature conversion. To 
save space in a practical application, this nomograph, or the 
nomograph of any equation involving only two variables, is 
usually reduced to a single line with different 
side since, for each value of one variable, there is only one cor 


scales on either 


responding value of the other variable. 
Equations of More Than Three Variables 


If the equation contains more than three variables it is neces 
sary to construct its nomograph from more than one determinant 
Actually, more than one nomograph is derived; but the separate 
nomographs are later combined to form a single group. There 
are many details involved in obtaining the optimum design of 
a multiple nomograph since combining the separate nomographs 
requires matching the locations and scaling factors of some of 
the stems. 

A petroleum engineering equation used in the interpretation 
of electrical resistance measurements (logs) of bore holes pro 
vides us with an excellent example for studying some of the 
problems involved in multiple nomograph construction 


4 l/n 
7D 
© 1 
Ss." = FR, 
R, 
there § > wat + tio f reser ck 
where Sy percent water saturation of reservoir rock, 
F <= formation resistivity factor of reservoir rock, 
Re. = resistivity of formation water, 
Ra true resistivity of reservoir rock, 
n saturation exponent of reservoir rock, 


ontinued next page 
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= SD See eae 
>\ > oO; 


unknown 


transform 
lo this by 


R, = FR, 


R, 
R; 


r= 


22) and (23) may be recogni 


ised in electrical log intepretation 
rock fully sat 
the reciprocal of the expression more generally 


of reservoir 


r 





Three nomographs 


on to this equation 


19) into a function of three 


1 into a function of three 


letting 


zed as two additional param 
In Eq (23) Ro = re- 
irated with 


formation, water. 


nomograph. It is desirable, however, that the R, scale 
on the right in order 


of equation (23 One procedure 


1000 
10 
100 
10.000 


l 


Continuing wit! 
_ ’ 
22) in logar 


logF 1 O 


log R, O 1 
llog R, 1 


U 9) 


log F 1 


l 


log R, 


log R 


> ’ 


log F, X 

log ie X 0 
We note that the I ile wil l f the 
be placed 


anear on the rioht 
| appear 1 th rignt 


that it may be attached to the nomograph 


which we may use is to 
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transform the original determinant into a new form with the 
log R. row containing a one in column 2 and a zero in column 
3. A simpler procedure is to write a completely new determinant 
which satisfies these conditions 





4 
logR, , 2 
log F a ce 


og R. — log F — lore R = log R i rc 
log R, log I log Ry gk log r = log R,- log R, 
log R, 0 

, Fee ) 
log F : / 


l 
» 2 


—log R, 0 1 


log R, 1 1 
The final determinant gives the following relations: 


log F 
= a 


Y=-log Ry. XX: 
Y = log R., X l 


Y X 


R, 
For purposes of illustration, let us assume that we would like 2+ 100 { —|> 
the Re scale on the left to be increasing in the conventional + 200 4 r 
10g r 


c 


plus Y direction. We may obtain this condition by simply + 400 
multiplying column 1 of the determinant by minus one . 1000 
2000 

4000 
4 


10,000 








log F ' _log F 


l l 
9 9 9 9 
4 y 4 2 


2\|-lgR, 0 1| = ; log R, 0 1 


1 


log R, 1 l —log R. ] l 


We now obtain the following relations 


log F 
») 


Y = log Re, X =0 
Y =—logRk,, X l 


} X 


then. as scaled of the determinant as required by the function: 


nd t 
52 
> a | 


Fig 10 shows the nomograph layout a 
may be constructed 
in a manner similar to that used on Eq (22 

We must keep in mind, however, that the R. scale should be log r—log R.+log R; = — | —log R, 
on the left side of the nomograph and the r scale should be 
m the right. Furthermore, the R, scale should be logarithmic 


and increasing in the minus Y direction as shown in Fig 10. 
23) 


A nomograph for solution to Eq lor r 


_ log R, 


log r 
Our procedure is first to express Eq ) in a logarithmic 


form and equate the function to zero 2| —log R, 
_log R, 
Re , 2 
R, o 
log r = log R, — log R, 


‘ 
he final determinant gives the following relati 
log r — log R, + log R, 0 ‘ log r, X =1 
’ =—log R,, X =0 
We may obtain a determinant which will give the proper place- log R, 
ment and scaling of the nomograph stems by first inserting apetinas mx 
log R. in a row containing a zero in column 2 and a one in 
column 3 and log r in a row containing a one in column 2 Fig 11 shows the nomograph layout and then as scaled. 
and a zero in column 3 and then completing the other parts We may obtain a nomograph for solution to Eq 


X 
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DESIGN NOMOGRAPHS 


first expresing the equati 
ts function to zero 


We then obtain a determinant 





ment and scaling of the non 
and log S. on the right, with 
plus Y direction as 


REPRINT COPIES of this report are available for 25 cer 
addressing Reader Service Dept., Product Engineerir 
42nd St, New York 36, NY 


FOR FURTHER REFERENCE 


= 


1 L Ivan Epstein Nomography 
Publishers Inc, NYC, 1958 


wr w bum @5 =z 


Alexander S. Levens, Nomography, 2nd « 
tion, John Wiley & Sons, NYC, 1959 


F. T. Mavis, The Construction of Nom 
graphic Charts, International Textbook 


1939 


Raymond D. Douglass and Dougla 
Adams, Elements of Nomography, McGra 
Hill Book Co, 1947 


C. Albert Kulmann, Nomographic Chart 
McGraw-Hill Book Co, 1951 
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chart shows 
Alloys’ Hi-temp Creep-rupture Behavior 


Equations relating time to rupture and minimum creep rate with temperature 
and stress have been developed by M. Korchynsky, a research metallurgist 

with Union Carbide Metals Co. The equations, shown graphed below, are applicable 
to any one of 11 common hi-temp alloys. You enter with temperature and 

stress level and read off rupture time or creep rate. The equations have proved 

so accurate that parameters established by only a few creep-rupture tests of 

a few minutes’ duration have successfully predicted rupture times (at lower 


stresses) of several hundred hours duration. 








ippropriate 


dependent 





ind is taken from the 

rner of the 

304 stainless 

3.45. If 

value of be» is not known, 
+ can be used as its first 
From the point 2, a 

is drawn again to intersect 


. “ 
ial at 


The distance between 2 and 3 repre 


ents time to rupture, or minimum 
creep rate for the selected temperature 
ind stress, and is measured on the 
horizontal scale, starting from the 
point marked A. It follows that for 
stress equal unity (o/1000 = 1), the 


time of rupture or minimum creep 








rate is represented directly by the hori- 
zontal distance 1—A. Similarly, the 
listance measured vertically from the will produce rupture time of 1 second described procedure for graphical de- 
point A to the intersection with th ‘¢ minimum creep rate equal to 10™ 


diagonal represents the stress whic in./in./sec. Several examples of the mum creep 1 r¢ WwW a 


termination yf rupture time or mini- 


— 
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A real self-drilling screw! 


Quick as a wink, P-K Tapits drill; tap and 
fasten light gage sheets! Quicker than a 
wink, the integral serrated washer takes 

hold to brake the driving action...minimizes 
stripping and spinning! 

Here is the only expertly designed tapping 
screw that drills its own hole to start and has 


UNIFORM its own brake to stop. P-K Tapits, when driven with 


HEX HEAD a power driver, eliminate pre-drilling and punching... 


save up to 50% on assembly time. Size for size, P-K 


SERRATED 
Tapits hold better than any other sheet metal screw. 


WASHER 

DESIGN 
DRIVE TAPITS WITH P-K MAGNETIC DRIVER SOCKET! 

( 

PROPERL) .* The same size hex head on the entire range of P-K Tapits from #6 

HARDENED AND to #10 means you need only one size driver socket. Get the P-K 

TEMPERED driver socket with a strong Alnico magnet that firmly holds the 
Tapits. Fits any %” driver with adjustable clutch. Socket can be 

SCIENTIFICALLY refaced for extended life. 


DESIGNED 


ome PARKER: KALON Tapits 


UN IQl IE Pendng 
DRILL POINT PARKER-KALON, a divisi { General Ame n Transportation Corporation, Clifton, New 
Jersey. Offi and warehouse Chicago and Los Angeles. 


TEST P-K TAPITS FOR YOURSELF! ASK YOUR DISTRIBUTOR FOR A DEMONSTRATION! 
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HANDLES 
for PRINTED CIRCUITS 


| 


Seven simple designs for making maintenance easier. 
More in a later issue. 


| 
} 


1 N SCHUSTER, product design engineer, Raytheon Co 


1] Z/Q\-|H/ mo 


1 

PUNCHED OR DRILLED HOLES 
are adequate if space between 
boards is sufficient for finger in- 
sertion. Grommets may be required 


nr = 


in some materials 























O 


2 3 
SMALL EYELET and removable extractor SERRATED FINGER GRIPS are often best when 
works well when space and weight are at a spacing of boards is extremely close. 


premium 
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US ) Powerbar 9,» 


Sun Oil Company obtains positive results 


The octane requirements for cars are 
determined by the Sun Oil Company 
with scientific accuracy. The octane 
ratings of motor fuels are in turn deter- 
mined with precision. Nothing is left 
to chance. This is why the motorist can 
pull up at a Sunoco station and obtain 
the correct octane blend for his car 


All of this predetermination is done on 
precision equipment whose universal 


joint drive shaft is connected to a dyna- 
mometer by a 1%” pitch U.S. Rubber 
PowerGrip “Timing”® Belt. In the 
words of a company scientist, these 
belts were selected because they give 
foolproof, positive drive transmission 
and do not require lubrication, main- 
tenance or attention. Anything less 
would interfere with the precision of 
the testing equipment. This is the ex- 
perience that has caused innumerable 


Mechanical Goods Division 


United States Rubber 


' WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


with U.S. PowerGrip “Timing” Belts 


design engineers to specify PowerGrip 


This is the belt that has made possible 
the development and production of 
hundreds of appliances and equipment, 
ranging from sensitive electronic de- 
vices, office machinery, household 
equipment and gigantic production 
machinery. One way to get expert and 
instant power and transmission advice 
is from the U.S Distributor 


Rockefeller Center, New York 20, N.Y. In Canada: Dominion Rubber Company, Ltd. 
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EXTRUSIONS staked, crimped or pinned in place form 
attractive withdrawal aids, 
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INDIVIDUAL HANDLES, tab- 
bed or riveted in place, may be 
called for on large boards 


FORMED BOARDS do double duty when test 
points and jacks are incorporated into handles. 





STAGGERED POSITIONS of removal tabs give 


easy access 
panels. 


to test points on closely spaced 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Photoelectric temperature 
control... 
monitors temperature of moving parts or 
ontinuous stp, counts heated work 
pieces, controls automatic quenching and 
Functions 
Pickup, 
with infrared sensitive photocell, is aimed 


induction or resistance heaters 
by measuring infrared radiation 


at heated surface. An amplifier, tempera 
ture-selection dial and output is housed 
control unit. When tempera 
ture of heated workpiece exceeds that of 


in separate 


preset level, relay operates. One model is 
for control of temperatures 500 F or 
greater from area of 0.125 sq in. at dis 
tance of | ft 
perature range for control and pickup is 
0 to 100 I 
of temperatures of 1000 F or greater from 
urea Of 0.42 sq in. at distance of 1 ft 
Repetitive accuracies of units are reported 
to be 1 and 10%, 


end of temperature operating range. Both 


Ambient operating tem 


Second model is for control 


respectively, at lower 


require min signal of 1/60th sec to oper 
ate relay; offer max operating rate of 600 
per min. Power supply is 105-125 v, 60 
cps. Various models range in price from 
$120 to $535. Delivery, about 3 wk 
Clark Controller Co, 1146 E 152nd St, 
Cleveland 10. 

Circle 300 on Reader Service Card 


Dynamic pressure meter .. . 
onsists of up to four pressure sensor 
and electronic readout unit. Can be used 
to measure and readout individual pres- 
sures, pressure differentials, or any arith 
metic combination or up to four pres 
sures. Suitable signal is provided to output 
recorder. Separate plug-in units adapt any 
train-gage pressure sensor to the instru 
ment. Range switch is used to select 
ranges of 0-300, 0-1000 and 0-3000 psi 
Instrument is available as rack-mounted 
device or as portable unit equipped with 


top-mounted handle. Unit is $975, less 
transducers (price of which varies accord 
ing to specifications), Delivery, 6 wk 
American Measurement & Control Inc, 
Sub of CompuDyne Corp, 240 Calvary 
St, Waltham 54, Mass. 


Circle 301 on Reader Service Card 


High-pressure coupling . . . 
applicable to high-pressure gas or fluid sys 
tems is for service at 3000 to 4000 psi; 
with proof pressures of 6000 psi; burst pres- 
sures of 250% of rated pressures for 2 min, 
minimum. Push-pull coupling requires only 
one motion in direction of fluid flow to 
connect or disconnect. Available in stain- 
less steel or aluminum in range of sizes 
Hydraulic Components Div, Deutsch Co, 
7000 Avalon Blvd, Los Angeles 3. 

Circle 302 on Reader Service Card 


yeyet eg 


= 


Low-cost flow switch .. . 
detects variation in flow rate of fluids or 
gases. Can operate remotely located warn 
ing light or other indicator, visual or audio 
Automatic interlocks or pump motors can 
be actuated through suitable relays. Dis 
placement of magnet-equipped shuttle by 
fluid or gas actuates hermetically sealed 
switch contacts within bronze stem. By- 
pass holes in shuttle skirt permit max 
flow with min pressure drop. Can be cali- 
brated for actuation in any position. Re 
places any standard elbow fitting and is 
available in port sizes from 3? through 2 
in. NPT. All components are said to be 
corrosion-resistant. Priced from $18.50 to 
$62, list. Delivery, 2 wk. Gems Co Inc, 
Sheppard Lane, Farmington, Conn. 
Circle 303 on Reader Service Card 


Single-crystal silicon . . . 

is reported to offer resistivity and lifetime 
profiles that indicate uniform characteris 
tics over entire length of each crystal and 
from crystal to crystal. Uniformity is ex- 


pected to result in increased quality semi 
conductor 
to 26 mm (approximately 1 in and 


Available in diameters 


de vices 
x° 23 
to 250 mm (133 in.) undoped 


ingle crystals are said to have les 


15 parts per billion of boron; 
than 1000 ohm cm; minority cat 

greater than 400 microsec 
6 per gm. Production quan 
tities are now availabl Dow Corning 


Corp, Midland, Mich. 
Circle 304 on Reader Service Card 


Drive for X-Y axis control... 
of point-to-point or continuous tabk 
movement can be programed and aut 


matically impulsed to follow unlimited 


number of input signals to change speed 
Speed changes, 


acceleration, deceleration, precision slow 


or mode of operation. 


down, precision shaft-rotation stop, dy 

nami braking and reversing can b 
sequenced. Commands can be given man 
mechanically, electrically or ele 

Available with ratings from 

ip; priced from about $630 

$42 per pair of nongeared drives 

on fhp units, 10 wk; for integral 

16-20 wk. Z-axis and rotational 
ompanion drives are also availabl 

ystem components for manual 

rt automatic line following, and grid posi 

tion control are also available with line 

leviation accuracies from +0.015 to 
+0.001 in. ECI Mfg Div, Electronic 

Controls Inc, 85 Magee Ave, Stamford, 

Conn. 


Circle 305 on Reader Service Card 


Resistor responds to gas... 
or vapor whose molecules exhibit electric 
Has hermetically sealed 
glass-to-metal base for use in flow lines, 


dipole moment 


pressure chambers and other sealed con 


tainers. Resistance changes in presence 
of polar molecules according to their con 
entration and magnitude of dipole mo 
ment. Resistance 
S curve and in air at 77 F ranges from 
1000 megohm at 25% RH to 1-2 meg 
ohm at 98% RH 


ported to include rapid response times, 


changes over smooth 


Characteristics are re 
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insensitivity to temperature changes from 
32 to 212 F, ability to recover from 
immersion in water without affecting 
operating parameters. Priced at $10 each 
Conrad-Carson Inc, 3110 Goddard Way, 
San Diego 1, Calif. 

Circle 306 on Reader Service Card 


Illuminated digital indicator... 
for high-speed position indication on ma 
chinery in panel 
mounted. Magnifying lens enlarges figures 


Lighting is provided by 


poorly lit areas is 


to 4 in. or more. 
two 24-v ac bulbs, replaceable from front 
of panel. Electrical connections are made 
directly to 115-v, 60 cps ac, through ter 
minal strip on back of counter and trans 
former for reduction to 24 v ac. Unit 
achieves counting rates up to 15,000 counts 
per min. with standard 10:1 ratio. Meas 
ures and reads to 0.001 or 0.0001 in 
Counter is disengaged from driving shaft 
by clutch for adjustment and recalibration 
Counter wheels are set with key or crank 
at face of counter. Durant Mfg Co., 19-PS 
N Buffum St, Milwaukee 1. 

Circle 307 on Reader Service Card 


4-figure electric counters . . . 
are said to operate at speeds to 600 counts 
per min. Standard models are for 115-v 
ac operation. Available for base, top or 
panel mounting with panel plate. Based 
upon escapement drive mechanism. Driv 
ing parts are nylon with hardened stainless 
steel driveshaft. One-piece, die-cast alu 
minum frame with tight cover plate is 
tongued to frame to minimize entry of 
dust and foreign matter. Priced at $14 
each. Durant Mfg. Co, PS N Buffum St, 
Milwaukee 1. 

Circle 308 on Reader Service Card 


Multipole, 400-cps power relay 
has self-wiping contacts that will contin- 
uously handle 10 amp loads at 28 v de or 


115 v ac. Available up to 3PDT, with 
octal plug and clear polystyrene high-heat 
cover. Dimensions are 1% sq x 2% in. 
high. High-speed relay is reported to 
handle most power applications. Prices 
range in quantities of 1 to 10 from $8.95 
for SPDT to $11.45 for 3PDT. Delivery, 
about 6 wk. Kurman Electric Co, 19] 
Newel St, Brooklyn 22, NY. 

Circle 309 on Reader Service Card 
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Spray-on Teflon lubricant . . . 
for use on sliding surfaces or moving parts 
is odorless, colorless, tasteless, nonstain- 
ing white powder. Said to have low co 
efficient of friction, 0.016 to 0.024 against 
polished steel surface. Operating tempera- 
ture range is from —450 to 400 F. Can be 
used on most surfaces over broad operating 
conditions. Powder can also be added to 
liquid and grease-type lubricants to in- 
crease lubricity characteristics. Furnished 
in 4 oz bottles and bulk packages for com 
mercial and industrial applications. Free 
samples are offered. Polydoris Products 
Corp, 5306 W Lawrence Ave, Chicago 30. 

Circle 310 on Reader Service Card 


Printed circuit meter movement 
is incorporated in slim surface-mounting 
panel meters available in most standard 
ranges with reported accuracy of 14% 
Pointer is made of resilient nylon bristle 
said to be capable of withstanding effects 
of electrical overloads and turns of open 
printed-circuit coil are reported to dissi 
pate more heat than conventional coils 
These factors are said to combine to pro 
vide net overload tolerance of 10,000% 
with no adverse effect on accuracy of cali 
bration of movement. Offered in full 
scale standard ranges of 1 ma through | 
amp dc, 10 through 500 v de and 10 
through 500 v ac. List prices range from 
$12.50 to $19. Imterlab Inc, 116 Kraft 
Ave, Bronxville, NY. 

Circle 311 on Reader Service Card 


Conductive gasketing . . . 

made of silicone rubber and metal ma- 
terial is said to conform to irregular sur- 
faces. 30 or 24 mesh aluminum wire cloth 
is impregnated with 50-durometer silicone 
rubber to thickness of 0.016 and 0.020 in. 
Construction provides material said to 
withstand temperatures from —65 to 500 
F. Recommended for use where conduc- 
tive material is needed between two metal 


surfaces, to allow flow of electrical current 
while restricting or filtering any induced 
radio frequency. Available from stock in 
8-in. widths at $8.55 per yd for quantitie 
under 25 yd. Connecticut Hard Rubber 
Co, 407 East St, New Haven, Conn. 


Circle 312 on Reader Service Card 


15-amp silicon power rectifiers 
are diffused-junction devices reported to 
be priced at about 50% of the cost of 
comparable units now on the market 
Available in 50, 100, 200, 300 and 400 v 
ratings. Prices range from $1.95 for the 
50-v units to $3.50 for the 400-v devices 
in 100-up quantities. Rectifiers are housed 
in all-welded, hermetically sealed, ¢& in 
hex stud-mounted package for heat sink 
or direct chassis mounting. Rated for 
temperatures up to 347 F. Motorola Semi- 
conductor Products Inc, 5005 E McDowell 
Rd, Phoenix, Ariz. 

Circle 313 on Reader Service Card 


Flat nylon washer. . . 
can be used as spacer or as an insulator 
and with any screw, bolt, pin, nail or rivet 
Washer is said to have tensile strength of 
Available from stock in size 
up to 4 in. OD to fit screws from No. 3 
through 2 in. dia. Nyltite Corp of Amer 
ica, 280 Badger Ave, Newark 8, NJ. 
Circle 314 on Reader Service Card 


15,000 psi 


Poppet-type directional valve 

is compact unit for 250 psi max air or 
hydraulic service and temperature range of 
—40 to 160 F. Valve can be removed for 
maintenance without disturbing pipe con- 
nection. Group mountings can also be 
made, without pipe bracket, to common 
manifold. Three- and four-way operation 
models are available. By rearranging in- 
ternal parts, operation can be changed 
Button, lever and cam operators (manual 
and mechanical) can be reset, overridden 
or safety interlocked by dual air piloting 
All materials used are noncorrosive. Of 


continued on page 82 
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« « « Con nued 
fered in $ or } in. tapped pipe bra ket 
Prices start at $18. Westinghouse Air 
Brake Co, Industrial Products Div, Wil- 
merding, Penna. 
Circle 315 on Reader Service Card 


Push-fit test jack .. . 

for use with 0.80-in.-dia probes in 
tronic circuits is mounted by pressing int 
Contacts ar 


beryllium copper, electro-tin plated t 


predrilled or punched hole 


+ 


+ 


of standard electronic cir 
85 to 212 F. In 


I quirk ments 
l'emperature range 
sulators are molded nylon and are avail 
ible from stock in blue, red and black 
Prices range from 44¢ each in quantities 
of 50,000 or more to 12¢ each for 10 t 
19 units. Augat Bros Inc, 33 Perry Ave, 
Attleboro, Mass. 

Circle 316 on Reader Service Card 


Ramil 


Universal-type spiral spacer . . . 
is for use when joining parts or materials 
and honeycomb panels to other hollow 
ore-type structures with fasteners. Avai 
able in any desired length for use with 
}, *s and # in. dia rivets, bolts or similar 
fastener. Spiral design and _ installation 
method permit use of same hole diamete: 
Said to provide optimum ci 
lumnar support for panel face sheets and 
max joint strength, without marring 
deflection of sheets. Huck Mfg Co, 2480 
Bellevue Ave, Detroit 7. 

Circle 317 on Reader Service Card 


as fastener 


Magnetic reed switch . . . 
is said to handle larger loads with more 
e throughout it 


Silver-plated 


onstant contact resistan 
life than previous models. 
contacts operate in 20 Ib of pure hydrogen 
24 

24 in. long, with one 
rod end solid and the other end a hollow 
Glass OD is 


pressure. Measures 
} i . I t ] oer i 
tube sornewhat larger in dia 
0.200 + .015 in. Contact rating is 5| 
v-amp max resistive up to 3 imp; up to 
250 v. Actuating time is 1 millisec aver 
age. Hamlin Inc, Lake and Grove Sts, 
Lake Mills, Wis. 

Circle 318 on Reader Service Card 


Polyethylene molding resin... 
is reported to offer high stress-crack re 
sistance, withstanding more than 300! 
hr of severe standard stress crack testing 
Resin is produced by polymorphous tech 
nique, involving action of resin when 
formed to produce controlled molecular 
pattern and balance between crystalline and 
noncrystalline elements of material. The 
919 density material with melt index of 
+ is said to resemble materials of higher 
melt indices in processing, thereby allow 
ing faster mold filling and reducing cool 
ing time. Higher melt version of resin is 
ilso available. Spencer Chemical Co, 

Dwight Bldg, Kansas City 5, Mo. 
Circle 319 on Reader Service Card 


Miniature feed-through 
terminal . . . 
secures directly to panel assemblies by 
means of integrally molded threaded body 
Flats, which are also part of integral mold, 
facilitate insertion of threads into assem 
bly with either automatic or manual cou 
pling drive. Threads are } in.-24 NS-2A 
l'in-plated brass rod of terminal conform 
to OO-B-626 and HP4-14 specifications 
Available with melamine or diallyl phthal 
ate body in accordance with military speci 
fications. Offered in full range of sizes and 
materials with male or female threaded 
ind rivet-type mountings in molded or 
metal base. Whitso Inc, PE-1 Byron St, 
Schiller Park, Ill. 

Circle 320 on Reader Service Card 


High-voltage components .. . 
can be molded of polyester fiber glass pre- 
Said to be low-cost 
flame-retardant 


mix to specifications 
low-moisture, absorbing, 
omponents, which can be used in corro- 
ive atmosphere. Available in selection of 
olors. Also can be used as bus-bar sup 
ports, cable supports, breaker housing units 
ind other high-voltage industrial need 
Firmaline Products of Crompton & 
Knowles, Midland Park, NJ. 

Circle 321 on Reader Service Card 


Differential-gage protector... 
is for use in hydraulic, pneumatic or fuel 
systems having max operating pressure of 
10,000 psi. Units will shut off at any 
predetermined differential pressures from 
30 to 2000 psi and are available from stock 
in 4 in, tube and 3 in. pipe connections in 
aluminum and stainless. Fisher Controls 
Inc, 1754 22nd St, Santa Monica, Calif. 

Circle 322 on Reader Service Card 


Feed-through terminals . . . 

include unit with double-turrets at each 
end and unit with double turrets at on¢ 
end and single turret at the other. Heights, 
when mounted, are 0.24] in. on one end 
and 0.134 in. on the other end; 0.241 in. 
on double-turreted terminal and 0.032 in. 


on single-turreted 


Both terminals have shank dia of 0.125 in 


Processed from brass per QQO-B-626A, 


terminal, respectiv 


Comp 22, 4 hard with 3 in \ 
plate plus water dip lacquer. Cambridge 
Thermionic Corp, 445 Concord Ave, Cam 
bridge 38, Mass. 


Circle 323 on Reader Service Card 


Compact battery holder .. . 


for portable el 


; 


tronic equipment is mac 

of cadmium-plated steel or bery] 

Holder has silver-plated 

into nylon insulator WW 
insulated, battery I 

hassi Weichs ab 


e 


holder and 
Prices for stock battery hold 
range from 45¢ up. Augat Bros Inc, 33 
Perry Ave, Attleboro, Mass. 
Circle 324 on Reader Service Card 


Totally enclosed de motors . . . 
] } tant 


ind generators are for both 


rated and built 
perature 
ted 


ited at 


Corp, PO 


ind heat exchanger are m 

nd Westinghouse Electric 

Box 2099, Pittsburgh 30. 
Circle 325 on Reader Service Card 


Stamped fasteners . . . 


" urrently 


being manufact 


includ 


} 
nit 


regular nuts and 


ble in heat-treated spring st 
in all popular sizes and fin Crest 
Products Inc, PO Box 64, Union, NJ. 
Circle 326 on Reader Service Card 


continued on page 86 
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valves providing you with maximum 


; performance and dependability 
cylinders . . 


in fluid power equipment 
airline 
filter-lubricators 


hegan. .. world’s largest manufacturers 
of air and hydraulic equipment 


special pneumatic and 
hydraulic machines OVER 11,000 STANDARD CATALOGED ITEMS; 
11 CATALOGED LINES OF AIR AND HYDRAULIC CYLINDERS 


LOGAN eRe VvUI PM EN T 


LOGANSPORT MACHINE CO., INC., 812 CENTER AVENUE, LOGANSPORT, INDIANA 


F R E E PLEASE SEND COPY OF CATALOG: 
cas [) 100-1 Air Cylinders [} 300-2 Presses 200-4 and 200-7 Hyd. Valves 


Send for [] 100-2 Mill-Type Air Cyls. C] Facts of Life 200-6 Super-Matic Cyls 
your copy of C) 100-3 Air-Draulic Cyls. [ } 200-1 Hyd. Power Units 300-1 Chucks 
® [} 100-4 Air Valves 200-2 Rotocast Hyd. Cyls ABC Booklet 
A down-to-earth } [) 100-5 Logansquare Cylinders 
20-page booklet ] 100-6 Ultramation Cylinders 
on the “rights’’ 
and “wrongs” in 
setting up and servicing air and 
hydraulic equipment. COMPANY 
Member ADDRESS 


National Machine Tool Builders’ Assn 


National Fiuid Power Assn Ss Pp E 


{] 200-3 750 Series Hyd. Cyls Circuit Rider 


PMENT 


TO: 
NAME 





EQ U 
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SOLyIne D MATERIAL 
Lisiis 


ESIGN. PRO 


Timing gears made of CDF Celoron wil! not pick up and amplify sound due to Celoron’s naturally low tone 
frequency. Tests show that Celoron gears reduce noise by up to 50% compared to all-metal gear sets! 


Made of quality controlled, fabric reinforced non-metallic structural and electrical materials 
phenolic resin, Celoron® high-impact gears are ... including thermosetting laminates, vulcanized 
constantly replacing metal in critical areas ranging fibre, silicone rubber, and mica. 

from earth-moving machinery to compact cars to This wide choice gives you every assurance of 
movie projectors. meeting your exact quality and cost needs in 
Celoron molded materials are only one family of plastic material. Refer to Sweets PD file or write 
products from industry’s largest selection of to us for the latest Celoron catalog. 


CONTINENTAL-DIAMOND FIBRE 


ye A SUBSIDIARY OF THE Aart COMPANY * NEWARK 40, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont. 


SOUND LEVEL mitLiamPEeRES 


3 ce tli Pia ls 


Low sound level of Cateron is shown by Long wearing characteristics of Celoron Quality control of Celoron gears is as- 
this graph which compares metal to the gears are here contrasted to the shorter life sured DY a testing machines such as 
different types of Celoron gears. spans of metai-made gears. this in CDOF laboratories. 
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The country’s leading valve manufacturers select 
Fiexonics bellows for reliability and long life 


To isolate contaminants, resist corrosion, assure 
reliable sealing and minimize servicing—leading 
valve manufacturers are adopting bellows for pack- 
less valve stem seals. Experience has proved the 
reliability and longevity of a bellows for perform- 
ing this function, and Flexonics is the leading 
and most experienced supplier of bellows to this 
industry. 

However, valve seals are but one illustration of the 


corporation 
In Canada: Fiexonics Corporation of Canada,Ltd.,Brampton, Ont. 


x cx @& 8 


EXPANSION METAL 
wT 


SYNTHETIC 
JOINTS HOSE HOSE 


BELLOWS 


growing applications of bellows where high pres- 
sures, high temperatures, severe corrosive condi- 
tions and other complex problems are involved. 
Perhaps a bellows can be the answer to your design 
problem. The Flexonics Application Engineering 
Staff will be pleased to study your specific problem 
and make recommendations. Or, if you prefer, 
write for the Flexonics Bellows Design Guide... 
20 pages of valuable information. 


FLEXONICS CORPORATION 
1351 South Third Avenue 
Maywood, Illinois 


Please send my personal 
copy of Flexonics 20 page 
Bellows Design Guide cov- 
ering in detail Flexonics 
products and services for 
bellows applications. 


atro/space 
COMPONENTS 


SUBSIDIARY OF CALUMET & HECLA, INC. 
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COMPONENTS * MATERIALS + PROCESSES 


. continued 


Direct-lift solenoid valves .. . 


are full-ported economy valves for oper 

ation from zero to 1500 psi. Said to be 

e@ |  bubble-tight, leakproof and packless, they 
C) are available in bronze or stainless steel 

in } to 1 in. pipe sizes and for tempera- 


tures from —350 to 450 F. Atkomatic 

Valve Co, 545 W Abbott St, Indianapolis. 

FOR A WORLD AT WORK et 27 teri 
eee 

SUPERIOR TESTING METHODS High-peel-strength adhesive 

‘ =o for bonding aluminum honeycomb pan 

give you gears cut to maximum accuracy and precision els, ferrous metals, ceramics and glass 

\luminum-to-aluminum peel strength is 

63.3 in.-Ib; tensile strength is 3300 psi 

Offers pot life of 3-4 days and 45% elon 

gation. l-qt sample is $6.27. Hysol Corp, 


Adhesive & Sealants Dept, Olean, NY. 
Circle 328 on Reader Service Card 


@ Theodolite 
accurate to within 
0°-0'-0.2" of arc 
being used to check 
indexing of 154” 
gear shaper 


Blueprinting costs are cut . . . 
by microfilm camera capable of reducing 
drawings up to 12 ft long down to 35mm 
microfilm, 44 in. long. Camera can film 
such drawings in one exposure at resolu 
tion above 100 lines per mm. Half-sizing, 
as it is used in many industrial plants, is 


c 


said to provide 75% saving over blue print 


ing in full size. Product of this proces: 
provides half-sizing advantages plus addi 
tional one-third saving. Delta Blue Print, 
5742 Tujunga Ave, N Hollywood, Calif. 


Circle 329 on Reader Service Card 


A Special 154” 
gear shaper re- 
worked by BRAD 


FOOTE for cutting 
precision gearing 


Aa Actual graph of index wheel accuracy readings in seconds of arc 
at each 3° (rotation) interval 


BRAD FOOTE’s constant striving for higher 
quality leaves nothing to chance. Con- 
stant checking of all gear-cutting 
machines assures all gears are cut accu- 
rately to the closest possible tolerances. 

Here a BRAD FOOTE inspector uses a 
Theodolite to verify the accuracy of 
the worm wheel of a large 154” gear 
shaper. This instrument is capable of 
readings accurate to within 0°-0’-0.2” 
of arc between adjacent readings. 

It is through such puinstaking attention 
to every detail of manufacture... from 


blanks to finished precision gears... 
that BRAD FOOTE maintains a rigid stand- 
ard of excellence which is recognized 
throughout industry. 


ORDER FROM BRAD FOOTE 


Your order for BRAD FOOTE Gears will be 
processed by an experienced organiza- 
tion of gear specialists and produced on 
the most extensive and versatile facilities 
available. Maximum performance and 
your complete satisfaction are assured 
because no one shares our responsibility. 


OTHER SPECIALIZED BRAD FOOTE INSPECTION FACILITIES 
FOR TESTING: Involute « Lead « Tooth Spacing « Red Line 


Dial Bridge Gage « Metalography Laboratory 


experience can do for YOU. 


Send for new Bulletin #101 | {--~ 
Find out what BRAD FOOTE’s 


two generations of gear building | 


j 


, INC. 


1315 South Cicero Avenue « Cicero 50, lilinois « Bishop 2-1070 « Olympic 2-7700 
subsidiary + PITTSBURGH GEAR COMPANY, Neville Isiand - Pittsburgh 25, Pa., Phone: SPauiding 1-4600 
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Polyester diazo films .. . 

in black and sepia are usable as working 
intermediates when making revisions of 
original drawing, without marring original 
Black line film image has good actin 
opacity and excellent visual contrast for 
drawing purposes. Sepia line imag 

upe rior for reproduction purposes be 1 
of higher actinic opacity Both ar 

ported to have excellent drawing and 1 
production characteristics in addition to 
mg estimated shelf life 84 x ll in 
samples are available. Keuffel & Esser Co, 
3rd and Adams Sts, Hoboken, NJ. 


Circle 330 on Reader Service Card 


High-contrast estar-base films 
offer durability, dimensional stability, high 
legibility, balanced translucency for fast 
print-back, excellent drafting surface and 
Three 


types provide either same-size positive re 


moisture resistance for fast drying 


production without negative step; or posi 
tives from paper or film negatives; or 
enlargements or reductions from film nega 
tives by projection printing process. Films 
ire available in rolls for drawings up to 52 
in. wide and in range of sheet sizes. East- 
man Kodak Co, Graphic Reproduction 
Div, Rochester 4, NY. 


Circle 331 on Reader Service Card 


PRODUCT ENGINEERING + OCTOBER 10, 1960 





(What’s wrong with this picture ?) 


Is your materials-handling equipment years ahead 


of your engineering-design equipment? 


Materials-handling techniques have made great strides 
during the past decade—and efficient handling is basic 

to productivity. But drafting equipment, too, needs 

to stay with the times. Are your professional 
engineer-draftsmen really equipped to 

realize their full potential? 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equipment—from Dietzgen 


Hamilton L-Contour Table 

Sturdy, counterbalanced, drawing surface 
travels full 20’—permitting frequent position 
change, greatly reducing fatigue—quickly ad- 
justed to individual requirements for each 
individual job. Board completely stable in all 
positions, horizontal to vertical. Modular con- 
struction permits arrangements to suit specific 
needs—right or left reference desk position 
optional. Ruggedly made, durably finished, 
with long-life drawing and reference surfaces, 


Hamilton CL 100 Series 
Side crossrails are eliminated in this 
entirely new, canted-leg table—yet full 


stability is achieved. Ample drawer space 
for reference, tools, and catalogs—many 
other fine features including Strata-Core 
board, with green linoleum surface—that 
tilts 0° to 40°. Beautifully styled Sahara- 


Tan finish. 





In practically all plants, the production cycle begins at 
the drafting board, then is controlled, checked, and 
qualified by this highly professional function—tright up 
to, and sometimes through, product delivery. Your draft- 
ing personnel bring your basic product concepts, product 
improvements, and plant operating procedures fo /ife. 
Time and space are raw materials—Hamilton makes the 
most of them. This drafting equipment keeps working for 
you—because it is manufactured to rigid specifications, 
made of highest quality components—and, hour after 
hour, delivers greater comfort and less fatigue. Because 
drafting equipment is used by peop/e—it must have the 
flexibility and individuality of use and dimension to fit 
each person and each job on the board—each individual 
drafting department problem. 

Become familiar with the entire Hamilton line. We are at 
your service, through our experienced planning engineers, 
to help determine the most productive arrangements for 
your particular needs. 


Hamilton Plan Files 

Every tracing becomes a “top sheet”’— 
each instantly accessible—when filed 
in the Hamilton ten-drawer unit. Indi- 
vidual sections of various types for 
various filing functions can be assem- 
bled in a number of arrangements—and 
stacked safely to any practical height. 
Tracing lifting mechanism in each of 
the ten shallow drawers, for filing of 
drawings—making each sheet instantly 
and individually accessible. Exception- 
ally rugged and durable. 


Drafting-Printmaking Booklet 


reports new techniques for solving 
engineering and production problems 


This new 36 page booklet describes a 
wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 


ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. 
Ask for Publication SPD2-HK219. 

Eugene Dietzgen Co., Chicago 14, Illinois 


DIETZGEN 


PRINCIPAL OFFICES: CHICAGO « SAN FRANCISCO 


NEW YORK + NEW ORLEANS « LOS ANGELES +> CALGARY 


SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 
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..-you build into 
products 


with 
low 
cost 


LISLE 


PLUGS 


Many leading manufacturers in- 
crease the life and reliability of 
their products by installing Lisle 
Magnetic Plugs instead of ordi- 
nary drain plugs in any system 
where moving parts operate in 
a fluid. 

The Lisle Magnetic Plug pulls 
out ferrous metal particles cir- 
culating in the fluid. 

Tests conducted by Lisle Mag- 
netic Plug users have proved its 
effectiveness — some more than 
doubling the service-free life of 
their products. 


FREE Samples for Testing in 
Your Product 


CORPORATION 
Clarinda, lowa 
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The Two Cultures and 
The Scientific Revolution 


C P SNOW. Cambridge University Press, 32 E 
57th St, New York 22. 58 pp, 5% x 7/2. $1.75 


Physicist Snow has made significant 
scientific contributions in his field and 
has also written a number of absorbing 
novels about scientists encountering 
problems much like some of those in 
the lives of this magazine’s readers. 

Here is how the British author de 
scribes the source of a principal theme 
in this book: “There have been plenty 
of days when I have spent the working 
hours with scientists and then gone off 
at night with some literary colleagues 

. . Moving from one to the other and 
back again I got occupied with what 

.. I long christened to myself as the 
I felt | 


was moving in two groups—comparabl 


‘two cultures.’ For constantly 
in intelligence, identical in race, not 
grossly different in social origin, earn 
ing about the same incomes—who had 
Imost ceased to communicate.” Later, 
that 


than mutual 


points out 


mor;re 


he goes further, and 
often there is little 
npatience when scientists and engi 


neers contemplate their respective 


ireas of competence and activity 


Overcoming these shortcomings in 


mmmunication is a major requisite for 


} 


day's scientific revolution, which 


Snow characterizes 


of real 


hit or miss, 


is ““the application 


science to industry, no longe: 
no longer the ideas of 
but the stult 

ves this modern revolution be 


+0 yea ig 


particles were 


odd ‘inventors,’ real 


He belic 
gan some 
phenomena of 


first 


30 or vhen the 
atom 
applied to industrial require 
icnts 

of the histor 


both in 


Ihe author’s analysis 


f industrial development 
America and in his own country will 


particularly interest thos 
for 


He points out that the technological 


responsible 
design and manufacture today 
problems of factory-based production 
were solved largely without the aid of 
engineers, scientists or any other kind 
of intellectuals. Most of the 
were discovered and ipplied by skilled 
with little or 


solution 


highly gifted craftsmen 
no formal training 

Che industrial revolution long since 
completed in the US, western Europ 
ind the USSR, and also the scientific 


one he describes, will have to occu 


“have-not’”’ na- 
Amer 
today’s 


in the 
Africa and South 
Snow 


simultaneously 
tions of Asia. 
And, as 


ind engineers know that the 


ica indicates, 
scientists 
big change is technologically possible 
Uhe 
revolution will be 
and technological forces of the US and 
its allies or of the USSR 

If this book 


ippreci ition of 


major question is whether this 
led by the scientific 


contribute to an 
the con- 
American en 


can 
how much 
tinued well-being of the 
gineer depends on raising the techno 
logical and productive the 


world’s less fortunate peoples, it may 


level of 


well prove the most important book 
E-NGINEERING'S subscribers 


JK 


PRODUCT 
id this 


Can Te veal 


Basics of Gyroscopes (2 vols) 


CARL MACHOVER. John F Rider Publisher Inc, 
116 W 14th St, NYC. 6 x 9, vol 1, 112 pp; 
vol 2, 120 pp. $7.75 for set cloth bound 


Cleverly illustrated 
‘f the theory of gyroscopes 
Covers all 


il and directional gyro 


implified sur 
ind 


lications 


CeSsory equipment 
1 
rolytic pendulous referen 


Many 


ipplications such a 


vn torquer examp!] 
n 


stabilizer, 


inte 


monorail cars, 
ros, and missile controls 


t comprehensive 


Analog Computation 
ALBERT S JACKSON. McGraw-Hill Book C« 
330 W 42nd St, NY 36. 614 x 914, 652 pp 
$13.50 

Unlike digital 


T quire 


] 
Mnaio 


hay 


compute! 
the ope! itor to 


} 
' ty 


ng knowledge of electroni 
to be fully exploited. De 


nitation, the author of 


ontrived to present the 
the tandp F 
electronic Ac 


little ele 


0k ha 


rial more from 
than 


wuthor 


mathematics 


rding to the 
backer required bevond 
fundamental level The only 
rmal prer knowledge 


f ilculu 


tron 


yund is 


quisit ire a 
ind differential 


Laplace transforms ar 


quations 
xample, 
ind ipplied 
text to present con 


introduced in chapter | 
the 
epts of electrical impedance, transfer 
feedback control] theory 
The first nine chapters discuss the 


throughout 


runctions 


tinued on page 
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Gates High Capacity Drive on Blower for Eli Lilly 


SAVED 


For each blower that Roots-Connersville supplied 
for the Lilly Laboratories at Lafayette, Indiana, original 
drive specifications called for 11-groove sheaves using 
standard belts. 

Because |1-groove sheaves were special and time 
was short, the original drive specifications were re- 
examined. Could Gates Super High Capacity V-Belt 
Drives handle the installation better? 

They could — and did. Instead of 11-groove drives, 
regular 6-groove Super HC Sheaves and Super High 
Capacity Belts were shipped from stock... arrived at 


The Gates Rubber Company, Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


World’s Largest Maker of V-Belts 


Gates Super 2c V-Belt Drives 


a 
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67/3" in face width 
97 Ibs. in drive weight 
$119 in drive cost 


Roots-Connersville Positive-Displace- 
ment Air Blower on waste-treatment 
facility at Eli Lilly Company’s Labora- 
tories near Lafayette, Indiana. Six Super 
HC High Capacity V-Belts transmit 
power from the 13.2-inch DriveR 
sheave to the 21.2-inch DriveN. 


the job overnight... saved the situation — as well as 
time, money, space and weight. 
For all users of multiple V-belt drives... 

Gates Super High Capacity V-Belts offer similar 
opportunities to save. These Super HC Drives pack 
the same hp capacity into smaller space — require fewer 
belts, smaller sheaves, shorter center distances. The 
helpful design handbook “The Modern Way to Design 
Multiple V-Belt Drives” is yours for the asking. Just 
ask your Gates Field Engineer, listed in the Yellow 
Pages in the nearest industrial center. 


same hp capacity 
in smaller “package” 
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or Big Engineering Ideas... 


. where liquid movement counts, and space 
is at a premium, specify a Little Giant pump. Motor 
operates in a bath of oil; windings cannot become 
wet or short out. Operates when completely sub- 
merged. Twenty-eight different models. 


WRITE FOR CATALOG - COMPLETE ENGINEERING DATA 


fis 


iG 


Laue lant 


PuMP? * COMPANY 


P. O. BOX 7025 * OKLAHOMA CITY, OKLA. 
CIRCLE 204 ON READER SERVICE CARD 


ILLUSTRATED: Model No. 2—HOODED 


they’re safe 


with SETKO NU-CUP* 


set screws on the job! 


Now Lamilon 
one wheel fran 
for any 
section of 
your plant 


Whether it’s supporting children on 
monkey bars or harnessing a spin- 
ning shaft you'll find NU-CUP set 
screws dig in deeper and hold 
tighter. The shaft illustrated here 
tells the story. 
NU-CUP has 4 42% sharper point 
which penetrates in a deep, full 
circle giving tremendous holding 
power. In some cases it actually 
reduces the number of set screws needed for the job. 
You can get them in slabbed, slotted, hex or fluted socket. 
SEND FOR FREE TEST SAMPLES and full infor- 
mation.. Ask about NU-CUP set screws. 
er Catalog 23 free, on request. 


*US Pat No 2,778,265 


an «A 


42% SHARPER POINT 
{ >» 
<< CONVENTIONAL 
Now you standardize on one wheel for quality rubber. With their alloy steel 
all your materials handling equipment roller bearings, hardened steel outer 
Fairbanks “‘Lamilon’ Wheels protect race and provision for pressure lubri- 
your floors, for they stay smooth and cation, “Lamilon’’ Wheels roll easier, 
concentric, don’t mar or mark. Not af- last longer and give more dependable 
fected by oils and greases, “‘Lamilon" service than any other plastic wheel 
Wheels have very high resistance to Available in sizes 3 through 12 
most chemicals, and have a water ab inches. Can be furnished with thread- 
sorption factor aimost as low as high tight thread guards. 


FAIRBANKS ccs. 











90 


SE:T:KO 


CPV 153 Main st. 
RDAFg.Co. Bartlett, tl. 5, 
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Valves + Dart Unions + Casters + Trucks + Wheels 


Executive Office—393 Lafayette St., N. Y. 3, N. Y. © Branches—520 Atlantic Ave., 
Boston 10, Mass. * 393 Lafayette St., N. Y. 3, N. ¥.* 15 Stanwix St., Pittsburgh 22, 
Pa. * 202 Division St., Rome, Ga. « Factories—Rome, Georgia and Binghamton, N. Y. 
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COMPACT © 
AiResearch 

60 cycle 
Actuators tor 


ground use.... 


Inexpensive, lightweight 
60 cycle motor driven actuators 
with integral magnetic brakes* are 
now being manufactured by 
AiResearch for ground radar, 
ground support and shipboard use. 

Unequalled in 60 cycle perform- 
ance, these extremely compact, 
lightweight actuators range from 
fractional hp motor size up to any 
desired hp in single phase, two 
phase and three phase design for a 
wide variety of applications. 

The above-pictured actuator is 
used in a ground radar system. It 
is driven by a single phase 60 cycle 
ac fractional hp electric motor 
and can be furnished with a feed- 
back potentiometer for use in servo 
applications. The entire unit weighs 
only 21% lb. and is rated at 200 Ib. 
operating load. 

OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 
AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators + 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers * 
Radar Positioners * Power Supplies 

Williamsgrip Connectors 
Your inquiries are invited. 


* patented 60 cycle 
operated magnetic brake 


THE CORPORATION 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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DESIGN LITERATURE 


continued 


computer in broad terms and its appli- 
cation to particular classes of mathe- 
matical problems: linear differential 
equations, nonlinear differential equa- 
tions, simulation, partial differential 
equations, algebraic matrix models. 
The last five chapters explore some 
specific applications and investigate 
the electronic considerations in analog 
computer design including a chapter 
on digital techniques applied to ana- 
log computation. 


Other Books of Interest 


Automatic Data-processing Systems | 


Robert H Gregory, Richard L VanHorn. Wads- 
worth Publishing Co Inc, 431 Clay St, San 
Francisco. 61% x 914, 705 pp. $11.65 


A thorough introduction to the principles and 
procedures of applying computers fo business 
operations; addressed chiefly to management 


Mobile Manual for Radio 
Amateurs 


American Radio Relay League Inc, West Hart- 
ford 7, Conn. 62 x 9/2, 279 pp. $2.50 in US; 
$3 elsewhere. 


An Introduction to Statistical 


Communication Theory 


David Middleton. McGraw-Hill Book Co Ine, 
330 W 42nd St, New York 36. 6% x 9%, 





1140 pp. $25. 


Discusses application of modern 
methods to the random phenomena 


statistical 
(messages, 


signals, noise) that influence and contro! design | 


ond operation of communication systems 


ABSTRACTS 
FROM THE LITERATURE 


Rolling Friction of 
Balls on Plates 


Even the extremely small frictional | 


force encountered by rolling balls can 
be important in certain types of ap- 
plications, such as instruments. To 
determine the nature and magnitude 
of such energy losses, a laboratory 
study was conducted that developed 


data on the influences of such factors | 


as load, material and surface rough- 
ness 


of the ball and plates. 


“Rolling Friction of Balls on Plates,” R. C. 
Drutowski, General Motors Engineering Journal, 
Aug-Sept ‘60, GM Technical Center, Warren, 
Mich 


How Organic Compounds 
Affect Metal Fatigue 

The effects of polar and non-polar 
organic materials such as n-hexadecane, 
xylene, benzene, octyl alcohol, dodecy! 


continued on page 92 


An equation was derived relat- | 
ing rolling force and damping capacity | 


No. 18 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Atkins & Merrill, Inc., industrial model 
makers, of South Sudbury, Massachu- 
setts, produce quarter-scale cut-away 
models of the famous Pratt & Whitney 
J-57 TurboWasp jet aircraft engine. 

Highly detailed, the model contains 
several compressor and turbine rotors, 
driven by concealed motors. More than 
1,600 small die cast zinc alloy blades 
are attached to zinc alloy rotors. 

Fastening the blades posed a prob- 
lem, however, as soldering or welding 
generated excessive heat, causing the 
blades to warp. 

The problem was solved with high- 
strength Eastman 910 Adhesive. It sets 
guickly without heat, requires only 
contact pressure. To date, more than 
70,000 blades have been bonded. 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
semblyline operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting 
is important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with- 
in minutes. 

What production or design problems 
tan this unique adhesive solve for you? 


A 


) Bonds Almost Instantly 
with Contact Pressure 
No Heat... 
No Catalyst... 


testmen 


Adhesive 


For a trial quantity (%4-oz.) send five 
dollars to Armstrong Cork Co., Industrial 
Adhesives Div., 9110 Irvin Street, Lan- 
caster, Pa., or to Eastman Chemical 
Products, Inc., Chemicals Div., Dept. P-10, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 
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Which of these custom molding services 


can you use from STOKES 


CUSTOM MOLDING TO 
ELIMINATE 
ASSEMBLY 

OR 
REDESIGN 
INTO 
ONE-PIECE 
UNITS IN 
HARD RUBBER 
OR PLASTICS 


For castings and other parts 
which are later machined and 
assembled, we frequently can 
suggest molded combinations 
which can eliminate most or all 
of the finishing and fitting work 
in a material which will meet 
your most rigid specifications. 


When infor- 
mation, 
major problem area other than 


assembly: 


Area #1 
Area #2 
Area #3 
Area #4 
Area #5 


requesting further 
please indicate your 


Chemical resistance 
Close tolerances 
High temperatures 
High strengths 

... Other 


=e 


STOKES MOLDED PRODUCTS 
1023 WEBSTER STREET 
TRENTON 4, NEW JERSEY 
case 
, 


[] Please send us historiés 


[] Phone us to discuss our problems. 
[] We are sending blueprints and 
specifications for a quotation and 
analysis without charge. 
NAME 
FIRM___ 
ADDRESS. 
CITY. 
PHONE 


EI STOKES MOLDE 











ZONE_STATE___.. 
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CUSTOM MOLDING IN 
PENTON 
UNPLASTICIZED PVC 
LEXAN 
KRALASTIC 
CYCOLAC 
SARAN 
TRIFLUOR- 
CHLORETHYLENE 
OR 
OVER 100 
exclusive 
HARD RUBBER 
COMPOUNDS 


Whether it’s for a specific chem 
ically resistant part or a particu- 
lar high strength applicat 

for a ‘low creep” piece or a high 
temperature requirement for 
low-cost hard rubber or top-grade 
ebonite (with a tensile strength of 
6,000 Ibs. per sa. inct we can 


recommend and mold the mate 


rial that will solve your problem. 


STOKES MOLDED PRODUCTS 
1021 WEBSTER STREET 
TRENTON 4, NEW JERSEY 
(J Send us case histories, 


() Phone us to discuss our require- 
ments. 


(J Are sending blueprints, resistance 
and stress requirements for quota- 
tion and analysis without further 
obligation. 

NAME 


FIRM__ —_ 

SE 
CciTy__ ~ZONE__STATE___. 
PHONE 


D PRODUCTS 
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continued 


DESIGN LITERATURE 
alcohol, dodecylamine, octadelylamin« 
on the fatigue strength of steel, mag- 
nesium, and copper-beryllium alloys 
were investigated. These compounds 
apparently form tightly packed mono 
layers that act as a barrier to water 
and oxygen molecules 

Effect of Organic Compounds on Metal Fa- 
tigue.” National Bureau of Standards, Tech- 
nical News Bulletin, Aug ‘60. Single copy, 15¢; 
order from Superintendent of Documents, US 


Government Printing Office, Washington 25, 
Dc. 


1959 Metalworking Literature 


[his bibliography of material pub 
lished during the calendar year 1959 


is divided into sections. Reviews of 


papers on cutting, forming, cutting 


fluids, grinding are included 


4 


‘A Review of Metal-processing Literature,’ 
Campbell, Boulger, Smith, Reichenback ef al 
Mechanical Engineering Sept ‘60, 29 W 39th 
St, New York 18. 


Greases for Extreme 
Conditions 

Describes lilable for 
high-temperature and high-speed ap 
effects of vat 


ious thickening and other additi 


lubricants av 
plications and discusses 


Greases for Extreme Envirouwments,” Arm 
strong, Handschy and Loeffler, Shell Oil Co 
NLG!I Spokesman, Sept ‘60, 4638 J C Nichols 
Parkwoy, Kansas City 12, Mo 


CATALOGS 
AND BULLETINS 


s of literature d 
responding numbe 


ve 


AND SPECIAL HINGES 


Covers dimension 


STANDARD 
Catalog 153, 56 pp 
standard or special 
Includes alphabeti 
With illustra 
Braun Mfg C¢ 
N Kostner Ave, Chicago 39 
Circle 350 on Reader Service Card 


ind specifications of 


hy na } 


ng ind hardwat 


il and numerical indexes 
" 
} 


of ch fi 


1657 


nge type 


INDUSTRIAL HEATERS AND DI 
VICES—Bulletin GEC-1005K, 48 pp. Ri 
atalog lists specifications and appli 
industrial 
Includes 
ind wiring diagrams, pho 
for most 
Schene 


vised 


ation information for various 
electt heaters and devices 

heater-control 
dimensional drawings 


neral Electric Ce 


to ind 
heater (; 
tad 

Circle 351 on Reader Service Card 


64 pp. Lists avail 


textures 


PLASTICS—Catalog, 
ible sizes, weights, color rang: 


purchasing grades ind 


| specifications 
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There are only four basic numbers in Fenwal’s new 0” 
Line of Electronic Temperature Controllers and Indicators. 
But they provide industry with a broad choice of instrumenta- 
tion not available elsewhere! 


For example, a packaging machine manufacturer might 
have the problem of controlling 6 heater blocks on a unit 
capable of sealing a variety of films. He’d want separate con- 
trol of each block — 3 “ON-OFF” and 3 proportioning — with 
remote adjustment of control. The Fenwal 536 Controller 
would give him all this. For indication during periodic checks, 
he’d simply add the 580 Indicator. Price? Extremely reasonable! 


* 

Pick a Again, a soap manufacturer might want either “ON-OFF” 
or proportioning control of four batch process tanks in sep- 
arate plant areas — with control and indication at each point. 

! He’d choose the Fenwal 561 Indicating Controller a stock 
ul } ) er! unit. He’d have no mounting problems. And with thermistor 
sensors, use ordinary lead wire to the supervisory panel. As 

simple as that! 

Another manufacturer whose needs are only indication, 
might select the 582 Thermometer. And there are many modifi- 
cations and combinations possible. Why not make your choice 
from these “Smarter Looking Smarter Acting’’ Fenwal Instru- 
ments? Write for Bulletin MC-190. FENWAL INCORPORATED, 
82 Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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DESIGN LITERATURE continued 


for pumps as individual y 
° * Sse yrices Includes revised and expanded 
as a fingerprint! = sianalian table of properties of 4 plas 


tics families. Cadillac Plastic & Chem 

ical Co, 15111 2nd Ave, Detroit 3 
=) P E C I EF Y a Circle 352 on tesa Curd 
NORTHERN TUBE FITTINGS—Catalog 259, 20 pp 


Specifications and dimenisonal drawing 
of tapered or SAE straight-thread fittings 

NITRALLOY Lenz Co, 3301 Klepinger Rd, Dayton 
Ohi 


P U M P fe Circle 353 on Reader Service Card 


HIGH-VACUUM GAGES—Bulletin 9-1 


Northern designs and builds quality into every pump. For each 2 pp. Specifications, ranges, features and 
application, materials are selected with infinite care—gears operating principles of line of vact 
with ground tooth form for perfect contact, correct clearances. gages. Consolidated Vacuum Corp 
Meticulous inspection at every stage in the manufacturing kead Blvd, Rochester 3 NY. 
process assures efficient, economical, lasting service for even Circle 354 on Reader Service Card 
the most difficult pumping tasks under rugged conditions, in- oe 
doors and out, year after year. STOCK PERMANENT MAGNE1S 
Northern Nitralloy Pumps are available in capacities from Loose-leaf catalog, 52 pp. Presents char 
4 to 146 GPM at pressures up to 2000 PSI. Within this range PARES OF ROE designs in multiple cast 
there is a pump as individual as a fingerprint — as “special” r olid and hollow cylinder 
as you want it. 


salient-pol irved-path and ceramic perm 


| 
anent magnets offered from stock. Appli 
R irch Div, General Magnetic 


orp, 10001 Erwin Ave, Detroit 34 

Northern Ordnance Incorporated Circle 355 on Reader Service Card 
Subsidiary of NORTHERN PUMP COMPANY PUMPING AND HYDRAULIC ENGI- 

Minneapolis 21, Minnesota | NEERING DATA—Manual EM-77, 2( 

CIRCLE 208 ON READER SERVICE CARD PP- Covers definitions, formulas, testing 


table harts and determinations involved 


Write today for free catalog and engineering data. 


in pumping and hydraulic engineering 


Design and 
Development 
Engineers: 


HONING—Catalog 200, 16 pp. D v 

Check your SPRING | internal, external, and sti sight-lin honing 
Explains honing process and shows typica 

DESIGNS with Charts list spindle speed 


honed parts 


} Peerless Pump, Hydrodynamics Di 
West Ave 26, Los Angeles 31 
Circle 356 on Reader Service Card 


ind coolants for various honing operation 
Barnes Drill Co, 880 Chestnut St, Rock 
ford, Ill 


The I-S short run department can save you 

time and money in the planning stage or whenever 

production quantities required are limited. 
Precision springs in small lots are produced quickly 
and economically ...designers can check springs sata sade 

Sabesg ic elena INDICATOR LIGHTS — Brochures 
for performance and design prior to ordering production 1608 and 1-163, 8 end 4 pp. Form 
+ . . ) ni >, ™ Tin 
runs. If you have a problem, ask I-S specialists fora _ a ye rer ee 
recommendation on your specific spring applications. lichts and their wu 


Circle 357 on Reader Service Card 





se either singly 
multiples. Form L-163 surveys vario 
available readout indicator lights, ill 

Specify I-$ Beryllium Copper Springs trated with lifesize photos. Dialight Corp 

for High Strength and Endurance: 60 Stewart Ave, Brooklyn 37, NY 

For further information on |-S Micro- Circle 358 on Reader Service Card 

Processed Beryllium Copper Springs, | | Med ne 

consult Sweet's Product Design File sacdeong ony Segre Pear 

or write for our latest E taas en a 


pecihcations and characteristics 


using vortex-velocity 
ing liquids and gases. Minneapolis-Hon 
well Regulator Co, Industrial Div, Way: 


sreviium COPPE ind Windrim Aves, Philadelphia 44 
INSTRUMENT SPECIALTIES CO., INC. Circle 359 on Reader Service Card 


234 Bergen Bivd. « Little Falls, N.J. 
Telephone: Clifford 6-3500 


yrinciple for measu 
] I 


SOLID AND CLAD METALS-—Brochur 
GP-1B, 4th edition, 16 pp Describ 
ope of line that includes solid and clad 


94 CIRCLE 94 ON READER SERVICE CARD PRODUCT ENGINEERING + OCTOBER 10, 1960 





base sod pesos metal, tiemost | When it comes to floats... 


metals, industrial metals and _ electrical 

contacts. Texas Instruments Inc, Metals 

& Controls Div, 34 Forest St, Attleboro, Z . 

Mass. 4 
{| 


Circle 360 on Reader Service Card 


BALLSCREW ASSEMBLIES — Bulletin, 
8 pp. Outlines ballscrew assemblies, their 
ipplications and design-operation charac 
teristics. Walter Kidde & Co Inc, Kidde 
\ecro-Space Div, Belleville 9, NJ 

Circle 361 on Reader Service Card 


INSTRUMENTATION TUBING — Bul 
letin 380, 8 pp. Characteristics, perform 
ance information and applications of all 
types of small-diameter tubing for instru 
ment applications Superior Tube Co, 
1556 Germantown Ave, Norristown 
Penna 

Circle 362 on Reader Service Card 


POWDERED-METAL STRUCTURAI 
PARTS—Brochure, 8 pp. Describes prod 
ucts and services of company Include 
mechanical properties chart and pag: 


illustrated design considerations for pow 


lered al S ‘ Powdered 2 > 
ne iraeeneee: Nicholson has everything you need 


Circle 363 on Reader Service Card 


VIBRATION, NOISE AND SHOCK High tensile strength floats . : ._ Spherical, ae. 

ISOLATION--Booklet K4G. 8 pp. Speci. | cylindrical . . . for buoyancy mediums, fluid cham ers, 

in, pressure vessels . . . and for every mechanism or process 

fications and performance information for | P requiring floats. Working pressures up to 2500 Ibs. 

27 types of products for control and meas- | Float halves die-formed ... not spun, laminated or 

urement of machinery vibration, shock and electro-deposited. Walls are thus uniformly thick 

noise. Discusses relative merits of steel | Seams all butt-welded. 

springs and organic materials as isolation Steel floats: chromium, cadmium or copper plated. Also unplated, 
media. Includes selector chart. Korfund | with sandblast or pickled finish. 

19G Cantiague Rd, Westbury, | Stainless Steel and Monel floats: rough buffed, polished or with 

smooth, highly finished welds. For more details, mail this coupon 

Circle 364 on Reader Service Card | ss — 





STOCK RELAYS—Catalog 60-8, 8 pp 
Lists hundreds of standard stock relays 


with diagrams, prices and electrical oper 


This Coupon Brings You Informative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and monel floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges .. . also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 


ating characteristics. Kurman Electric Co, 
191 Newel St, Brooklyn 22, NY 
Circle 365 on Reader Service Card 


MULTITUBE HEAT EXCHANGERS | 
Bulletin 111, 8 pp. Explains design fea 
tures and applications of line of multi 


tube, double-pipe heat exchangers. Cut 
Name 


Brown Fintube Co, 300 Huron St, Elyria, 
Ohio 


Title 


Circle 366 on Reader Service Card Company 


SYNCHRONOUS MOTORS-—F older SI 


L2604, 8 pp Contains characteristics, 


Street 


City \ ; Zone State. . 


specifications, ratings and outline dimen 
sions of 50, 150 and 250 in.-oz synchron 


W. H. NICHOLSON and COMPANY 


ous motors. Superior Electric Co, Dept 
12 Oregon St., Wilkes-Barre, Pa. 


SS, Bristol, Conn 
Circle 367 on Reader Service Card oe Soe 


POROUS TEFLON AND KEL-F—Bulle ; Cc Re oO LS | @ | ig 


tin P-103, 4 pp. Lists standard forms 
fabricated from these chemically inert fil of Wilkes-Barre 


| 
| 
| 
| 
| 
away drawings illustrate construction 
| 
| 
| 
| 
| 
| 
| 
| 





continued on page 97 
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DYNACO 
MASTER 
CATALOG 

F-128 
128 PAGES! 


LISTS OVER 
50,000 DYNACO 
COMPONENTS 
AVAILABLE FROM STOCK! 
Gears ¢ Shafts ¢ Differentials 


Transmission « Speed Reducers & Gearheads 


GEAR CO. INC. 
AMITYVILLE, 


NEW YORK 
CIRCLE 209 ON READER SERVICE CARD 


NTEED 


to give 
drip-tight 
leak-proof 
seal 


greatest name 
in unions 


DART 


nut, make a drip-tight, leak - 
connection WITHOUT EXCES IVE 
WRENCHING time and time again. 


Guarantee positive pd eae 
and extra long service on your 


For over 55 years the firm guarantee 

back of each and every DART UNION 
sold has been — “if one should leak 
through we will give you two”! The 
record reveals that less than 1 in every 





100,000 has proven to be faulty. The ex- 
tra wide bronze to bronze seats, preci- 
sion ground to a true ball joint, mount- 
ed in heavy malleable iron pipe ends 
and protected by an extra heavy union 


GENERAL 
SALES 


BURGH 


lines by or a DART GUARAN- 
TEED UNIO 

Yours on request: Descriptive brochure 
on Dart Unions and Union Fittings. 


ll Toll aelels) 4m 


393 LAFAYETTE STREET, NEW YORK 3, NEW YORK 
AGENT BRANCHE a | 


NEW Y 
+10) mele 19).,) Same) 4) 1e7P 
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A MAJOR 
BREAKTHROUGH 


CANS 


by the world’s leading CAM manufacturer 


Write for Bulletin No. 105 
which completely details and outlines 
how you can 


SAVE 2,300% 


on engineering computation alone 


2utomated 
NI d ' CAM 
Oe 1 // PR LL, 


464 E. Hollywood Ave. « Detroit 3, Michigan 
CIRCLE 210 ON READER SERVICE CARD 


MOLDING 


for the Furniture Industry 


Not only does Patent offer custom plastic 
molded legs for sofas, chairs, tables, has- 
socks, television sets, etc., but service 
to many other industries as well. Com- 
plete facilities for compression, injection 
and plunger type molding provide un- 
limited product design. Send your in- 
quiry today! 


Patent .40 


KNOXVILLE, TENNESSEE §§ PHONE 2.9621 Of TENN. Inc. 
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DESIGN LITERATURE continued 


ter media. Includes specifications of stand 
ard materials and prices. Porous Plastic 
Filter Co Inc, Sub of Pall Corp, 30 Sea 
Cliff Ave, Glen Cove, NY. 

Circle 368 on Reader Service Card 


EPOXY-INSULATED MOTORS—Bulle 
tin PB-6000-12, 4 pp. Describes epoxy 
insulated motors up to 500 hp, class B, 
140 F rise, random-wound in voltages to 
600 and form-wound in voltages to 4160. 
With illustrations and cutaways. Elliott 
Co, Jeannette, Penna 


Circle 369 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


PRECISION TEST GAGES—Brochure, 
12 pp. Describes calibration and accuracy, 
Bourdon tube manufacturing techniques, 
gage features and applications of pressure 
sensing and indicating units. Seegers In- 
strument Co, 515 W Main St, Barrington, 
Il. 


COST PREVENTION ...NOT COST 
REPRINTS REDUCTION...IS THE EFFICIENT 
WAY TO LOW-COST ASSEMBLY 


Reprints currently available without charge 
are listed on the Reader Service Card 
bound in this issue. Single copy free; 
quantity prices on request. 

The following special reports are avail 
able as long as the supply lasts, from 
Reader Service Dept., Product Engineer- 
ing, 330 W 42 St, New York 36. Please 
enclose remittance with order; we pay 


postage. 


R48—Reinforced Plastic Parts 

Combined reprint of 11 articles giving 
design data on the seven processes for 
commercial parts, 64 pp $2 


R69—Human Engineering 


Series of 14 artic] th desig lat Th " i i 
eries Cres WHR Conge Gms On The “in-place” cost of a fastener is what really counts to cost-conscious 


gaat eed am wie design engineers. By deciding on inexpensive Milford tubular rivets as a 
fastening method and installing them with Milford automatic rivet-setting 
R66—The European Engineer Talks machines, design and production engineers are eliminating costs at the 
The challenge to American proficiency in initial production stage rather than trying to reduce costs later at the 
design for production disclosed by inter assembly line. 
views with technical directors in six coun You can find out more about Milford’s cost-cutting ideas by asking your 
tries, 24 pp x1 Milford Representative to show you Milford’s new Manuat or Movern 
R16—Plate Cam Design Riveting Practice. It's crammed with valuable cost-cutting tips 
Series of 7 articles with complete design and technical data that can be quickly translated 
data; curve blending and profile synthesis into dollars on your production line. 
to reduce inertia, 48 pp. $1 MILFORD 


R65—Reading, Writing, Reporting T H E M i L F oO oe D R 4 Vv E T 
Combined reprint of 5 steps to faster & RT A Cc be a ~ e Cc oO 
. 


reading; 8 steps to better writing; 7 steps 
to better reporting, 24 pp. $1 


RIVET MILFORD, CONNECTICUT @ NORWALK, CALIFORNIA 
i ELYRIA, OHIO @ AURORA, ILLINOIS @ HATBORO, PA 


continued on page 99 
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p i¥ 0 8 L E a Uneven loads will 
not sway, tip or 


tilt because off-center load is evenly distributed on both 
springs. Variable ratio springing adjusts self to road con- 
ditions. Deflection rate changes automatically to produce 
exactly right capacity to properly balance spring tension 
with load. Lower center of gravity without sacrifice of clear- 
ance. Only four bolts to mount... no assembly required. 
Just two friction bearings with renewable friction inserts 
control spring action. 


LEVEL-LOAD 


TRAILER AXLE 


PRIOR PRODUCTS, INC. / P. 0. BOX 7608 ~ DALLAS, TEXAS) 
CIRCLE 212 ON READER SERVICE CARD 


FULL CONE—HOLLOW CONE—FLAT SPRAY 


Spraco has the most complete line of nozzles available 
IN STOCK. Capacities range from 14 pint /min, 


to 4000 gal./min. Bronze, cast iron, and stainless steel. 


anywhere 


Write for our nozzle catalog. 


SPRAY ENGINEERING CO., 133 Cambridge St., Burlington. Mass. 


ar 





FLAT 
SPRAY 





HOLLOW CONE 
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CLAMP WIRE BUNDLES IN SECONDS! 


Just place wire bundle inside “U}’ push keeper down snugly, and this 
light-weight clamp is securely locked to withstand loadings greater 
than 50 G’s! A Cab-L-Tite* clamp securing 58,000 mils weighs only 
0.016 oz.: 8,570,000 mils, 0.832 oz. Proved in aircraft and missiles, 
Cab-L-Tite* is made of tough DuPont zytel, which meets MIL-P- 
17091. Removable in seconds for rerouting wires. Write for free 
literature. Manufacturer of Bund-L-Tite straps. 


DAKOTA ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California *Trade Mark 
CIRCLE 213 ON READER SERVICE CARD 





MULTIROLL FILES 


TRACINGS 
PRINTS * SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 


Depth * “"” 30%" 36%" 42%" 








49 Tube 49CD 4930 4936 4942 


1%” 1.0.) $7.50 $9.50 $12.80 $13.80 $14.80 
> MODEL }——— ; 
25 Tube 25A8 25CD 2530 2536 2542 


2%" 1.0.| $7.00 $9.00 $11.80 $12.80 $13.80 








Shipping Weight 
Model 49 & Ibs. 12 Ibs. 15 Ibs. 18 Ibs. 20 Ibs 
Model 25 6 Ibs. 10 Ibs. 13 Ibs. 15 Ibs. 17 Ibs 
ENAMELED MED. GRAY 








Designed to 
Mount Under 
Boord—Mount- 
ing Brockets 
Sold in Sets Only— Furnished 
2 JR36 Per Set Bibs. snp wm 


* SOLD DIRECT ONLY Write to Dept. BP 
F.©.8. St. Cinir Shores, Mich. « PRescott 3-2515 


ROLL & FILE SYSTEMS, INC. Sere s, amen 


DETROIT 5, MICH 
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continued 


REPRINTS 


R46—Manual of Reliability 

How to design for reliability, human fac 
tors, statistical tools; implementing the 
program, 32 pp 50¢ 
R22—Engineering Organization 

Study of 50 companies shows changes in 
large and small companies, 24 pp 25 
R21—Engineer’s Bookshelf 

Annotated bibliography of technical books 
for the design engineer, 24 pp 

R71—How to Design Monograms 

Simple step-by-step guide 

R70—Gasket Materials 

Four-step selection procedure 
R68—Encapsulating Systems 

Companson of basic system 

R67—Heat Protectors for Motors 
Response and accuracy of all types 
R64—Bonded Solid Lubricants 

Data on new high heat types 
R63—Couplings for Geared Drives 

liow to soften shock and cut cost 
R62—High-Speed Photography 

How it can solve design problem 
R61—Angular Errors in Gearing 
Equations predict seven effects 
R60—Journal Bearing Design 

New equations and design chart 


R58—How to Avoid Hose Failure 


For metal hose; all known causes 


R57—Miniature Lamps 
Compromises faced: what to specify 
R56—Buckling of Coil Springs 

How to predict 

R54—Solid Aluminum Bearings 
Materials 


ind design guide 
R53—Significance of WK 
Selecting motors for high inertia loads 


R51—Solder Fluxes 
Selection guide covering all types 
R49—Positive-displacement Pumps 
Graphical method and selection chart 
R47—Fastening Gears to Shafts 


Comparison table for 15 methods 


R41—Design by Digital Computers 


Selecting and operating desk-size types 
R40—Designing Four-bar Linkages 
Five methods for straight-line motion 
R38—Design of Circular-arc Cams 
Mathematics replaces graphi 
R36—Non-circular Gears 


Design guide to practical types 
gn eg | 


R32—Societies and Associations 
Data on all that offer design data 


PRODUCT ENGINEERING + OCTOBER 10, 1960 


WHATEVER YOUR REQUIREMENTS 
FOR ROTARY PUMPS, THERE'S 
A ROPER T0 DO THE JOB 


Series T .3 to 55 GPM 
Choice of 192 Models 


Pump and motor units . . . pump serves as end bell 
of motor. Require minimum space . . . easily in- 
stalled . . . no coupling required . . . mount in any 
position. Each unit approximately same size as 
NEMA motor of HP required for driving. Open 
drip proof or totally enclosed motors; single or 
three phase as required. 


“@ 


1 @) ad = 2 
ROTARY PUMPS 


Series K % to 50 GPM 
Pressures to 150 PSI 


Extremely compact in all sizes. Helical pumping 
gears are hardened steel, with steel shafts and bronze 
bearings. Sizes 10 through 50 GPM have patented 
venturi suction and discharge principle for smooth 
flow and quiet operation. With or without built-in 
relief valve; packed box or mechanical seal. 





ROTARY PUMPS 


Series F 1 to 300 GPM 
Pressures to 300 PSI 


Feature helical steel pumping gears, hardened steel 
shafts, bronze flange-type bearings. 4-port design 
with 8 optional piping arrangements (4 for CW and 
4 for CCW rotation) solves installation problems. 
With or without built-in relief valve in either 
mechanical seal or packed box construction. 








ROTARY PUMPS 


Series H 5 to 75 GPM 
Pressures to 1000 PS/ 


Designed to operate at direct motor speeds. Used 
for all types of hydraulic mechanisms where high 
pressures are required. Hardened steel spur gears 
for maximum efficiency, and heavy duty roller 
bearings and bronze wear plates for long life service. 
Mechanical seal or packed box. 


“et 
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ROTARY PUMPS 


Series 3600 40 to 300 GPM 
Pressures to 100 PSI 


Handle thick or thin liquids at slow speeds. Operate 
in either direction. Hardened iron pumping gears, 
hardened steel shafts, heavy duty bronze sleeve 
bearings. Mechanical seal or packed box. Series 
includes tank truck pumps as well as single mo- 
tor driven units with gear reduction. 








Send for ROTARY PUMPS 


“How to Solve Pumping Problems” 





COMMERCE, 
GEORGIA 


Roper Hydraulics, Inc. 


Manvfacturers of Standard, Special and Custom Pumps for All Industries 
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Lepel 


WRITE FOR NEW LEPEL 
Tube Generators fr 


park Gar 


LZ epel 


troni 


HIGH FREQUENCY 
INDUCTION 


HEATING 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


cS 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, lil. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the hon- 
dies is then cured by immersion in 
a carbo-wax bath 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 





“eahenanen 
Ana ee 
vovoccvcon 


Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 
austenitic stoinless stee! strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
rials are also induction annealed 
in this manner. 








CATALOG 
l Awt Aw 


HIGH FREQUENCY 
LABORATORIES, INC. 


55th ST. & 37th AVE. WOODSIDE 77, N.Y 








INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 





After reading the advertisements classified below 


these products 


A 
Actuators 
Electrical 
Mechanical 
Adhesives 
Aluminum Alloys 
Axles 


Bearings 
Roller 
Bellows . 
Belts, Timing 
Beits, V 


Cams 
Ceramics 
Chains 
Roller 
Silent 
Clamps 
Clips 
Clutches 
Mechanical 
Controls 
Hydraulic 
Mechanical 
Pneumatic 
Couplings 
Electrical 
Mechanical 
Cylinders 
Hydraulic 
Pneumatic 


Drafting 
Supplies 

Drives 
Adjustable Speed 
Mechanical 


Engines 


Fastening Methods 

Fibre 

Fittings, Hose, Pipe & Tube 
Floats 


Heating Units 


4th Cover 
85 


78 
89 


26-27, 87, 


MORE 


M 


Moldings 
Plastics (see Plastic Parts) 
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TRU-LAY PUSA-\. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- | COMPLEX MECHANICAL 
lems. They provide positive remote control over long t LINKAGE 
or short distances—up to 150 feet from the control ee 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- me te 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, losi accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
_ ; rugged duty prevails, but where 

Minimum Maximum Input operation must be smooth and 
Recommended Load in Pounds accurate. Meets all require- 
Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty « Gives smooth, 
accurate and dependable per- 
formance at low cost. Available 


” with your choice of several types 
Yo 30 of knobs. 


























Ye" 65-125 Selective Friction ¢« Amount of 
friction can be changed to meet 
He" 115-175 individual requirements of the 


operator or application. Friction 
Y%," 300-600 constant at any setting. 


Position Lock « A slight turn of 
700-1,000 the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 








Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


PUSHIR\\. DATA FILE shows how 


- o . o 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


PUSH-PULL CONTROLS *° 


Automotive and Aircraft Division * American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 * 929-E Connecticut Ave., Bridgeport 2, Conn. 
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New 3 Position, 

4 Way Solenoid Valves 
Feature Dead Tight 
(Poppet Type) Seating 


ELIMINATE 


ASCO’s new 8 position 4 way (Bulletin 
8347) permits no leakage on air or liquids, 
assures precision positioning and positive 
locking of cylinder piston. Graduated 
(inching) or full stroke of piston may be 
obtained by regulating the length of time 
each solenoid is energized. When both 
solenoids are de-energized, the valve as- 
sumes a center position. All orifices are 
blocked, locking the cylinder piston at any 
point in the stroke. 


Simple valve design (only moving parts 
are 2 solenoids and 4 diaphragms) and 
overall rugged construction provide mil- 
lions of trouble free operations. These 
new valves can be mounted in any posi- 
tion, are available in 4” and %” pipe sizes, 
handle air, water and oil at pressures to 
250 p.s.i. Bulletin 8347 Valves are stocked 
for immediate delivery. 


ASCO Solenoid Valves are stocked at the 
Florham Park Factory, and at warehouses 
in Chicago and Los Angeles. WRITE for 
catalog literature on the new Bulletin 
8347, and for the new ASCO Stock List 
and Selection Guide (Publication 506) 
listing the world’s largest stock of sole- 
noid valves for immediate delivery. 


ASCO Valves 


Automatic Switth Co. 52x Hanover RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES « SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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TIMKEN “00” 








BEARING 


MODERN HIGH SPEED WORK SPINDLE 
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PRECISION ROLLING MILL 


Sa 


GRINDER SPINDLE 


When you need super precision, use this—the 
world’s most accurate tapered roller bearing 


F you’re looking for greater ac- 
I curacy on machine tool spindles 
or other bearing applications, you 
can get it with Timken® “OO” 
Maximum 


tapered roller bearings. 


allowable run-out is only 75 mil- 
lionths of an inch (.000075”"), the 
closest tolerance in any tapered 
roller bearing in regular production. 

Developed to meet industry’s ever- 
increasing needs for greater preci- 
sion, “OO” bearings are made in a 
special plant, as are two other high- 
precision bearings: ““O”’ with maxi- 
mum allowable run-out of .00015” 


and #3 with maximum allowable 
run-out of .0003". The accuracy of 
all these bearings is guarded by our 
modern gage laboratory—one of 
industry’s finest. 

The “OO” is another example of 
Timken Company leadership in 
tapered roller bearing design and 
manufacture. The experience gained 
in developing it assures greater pre- 
cision, longer, better performance 
in all the Timken bearings you buy 
And they are made from the finest 
bearing-quality alloy steel available. 

To get super precision that will 


Industry rolls on 


give your products the ultimate in 
accuracy and surface finish, specify 
Timken “OO” bearings for the ma- 
chines you build or buy. When you 
buy Timken bearings you get...1) Quality 
you can take for granted. 2) Service you 
can't get anywhere else. 3) The best- 
known name in bearings. 4) The pace 
setter in lower bearing costs. The Timken 
Roller Bearing Company, Canton 6, 
Ohio. Cable address: ‘““TIMROSCO”. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steel and Removable Rock 
Bits. Canadian Division: Canadian 
limken, St. Thomas, Ontario. 


tapered roller bearings 
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